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It has been shown recently by several research
groups (1-5) that part of sulfobromophthalein
(BSP), after intravenous injection into humans
and animals, is excreted in the bile in a conjugated
form. BSP conjugates also have been demon-
strated in serum and urine (6, 7). Evidence has
been presented that the amino acids, glycine, glu-
tamic acid, and cysteine, are present in the conju-
gates (4, 8, 9). The peptide, glutathione, appears
to be conjugated with BSP (8, 10, 11). The ques-
tion as to how important conjugation is for BSP
excretion has not been settled so far. It is clear,
however, that conjugation is not essential for BSP
secretion and that at least part of the BSP can be
secreted in the free form. In liver disease the rela-
tive percentage of free BSPand various conjugates
in bile, serum, and urine differs from the normal
(6, 7, 12).

Because the elimination of BSP is retarded in
both full term (13-15) and premature infants
(16-19) it seemed of interest to investigate the
extent of BSP conjugation in these age groups.
Because of the insufficient conjugation that leads
to the diminished bilirubin excretion after birth
(20, 21), a similar mechanism for the inadequate
BSP clearance was considered possible.

METHODS

The appearance of BSP conjugates in the serum was
studied by chromatograms from 10 newborn infants, 2
to 9 days old, with body weights between 2.5 and 4 kg;
and from 13 children, aged 2.5 to 15.5 years. After in-
travenous injection of 5 mg of BSP per kg body weight,
blood samples were drawn at designated intervals, gen-
erally 3, 15, 30, and 45 minutes and sometimes later.
In 7 newborn infants and 7 children duodenal fluid also
was obtained and chromatographed. Starting with the
BSP injection, the collecting tubes were changed gen-
erally every 15 minutes in the older children and every
30 minutes in the newborn infants, in an attempt to fol-
low the sequence of BSP conjugation in the bile. When
feasible, bile collection was continued for about 2 to 3
hours until 5 or 6 consecutive samples had been obtained.

Before proceeding with the chromatographic separation,
the concentration of total BSP was measured in samples
of serum and suitably diluted bile by the method of
Hofmann and Oettel (22). In preparing the plasma and
bile samples for BSP chromatography the procedure of
Carbone, Grodsky and Hjelte (6) was followed. One to
2 ml of serum or a sufficient amount of duodenal juice
was extracted with 3 times the volume of acetone.
More than 90 per cent of the BSP present is recovered
in this way. The acetone extract was taken to dryness
by a stream of air in a water bath at 40'C, redissolved in
water (0.2 ml for each ml of the initial sample), and
chromatographed on Whatman 3MMpaper in an ascend-
ing system using tert-butanol: water (1.73: 1, vol/vol)
for about 15 to 20 hours. Occasionally a system of n-bu-
tanol: glacial acetic acid: water (8: 2: 2, vol/vol) was
used with Whatman no. 1 paper.

The different bands on the chromatograms were iden-
tified by a purple color upon exposure to ammonia fumes.
Of the 23 serum chromatograms, 6 from infants and 4
from children could be estimated quantitatively for the
percentage distribution of free BSP and BSP metabo-
lites. Of 14 bile chromatograms, estimations could be
made for 3 infants and 3 children. For that purpose the
different areas were cut separately from the paper and
macerated in 8 to 16 ml of water. After centrifugation,
0.05 ml of 1 per cent NaOHwas added to an aliquot of
the supernatant and the absorbance was measured against
a blank at 575 mu. The amount of BSP in each band
was calculated by a BSP calibration curve from the ab-
sorbance of its eluate. The percentage of each BSP
metabolite in a given sample of serum or bile was ex-
pressed in relation to the total amount of BSP present in
all components of this sample. Possible differences in
the absorption coefficient of different BSP metabolites
were disregarded.

RESULTS

BSP conjugates in the serum. The chromato-
grams of serum generally showed two, and oc-
casionally three, bands. Figure 1 is a chromato-
gram of serum from samples taken 6, 15, 33, and
60 minutes after BSP injection into an infant 4
days old. The fast component, with a mean Rf
value of 0.83, has the same mobility as pure, free
BSP added to serum and identically processed.
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FIG. 1. NEWBORNINFANT, 4 DAYS OLD. PAPER CHRO-
MATOGRAMOF PIGMENTSIN SERUMSAMPLESTAKENAT DIF-

FERENT TIMES AFTER BSP INJECTION.

The Rf value of the main slow component, f,
varied between 0.15 and 0.29 in different chro-
matograms; the mean was 0.23. This slow com-
ponent already could be observed in some chro-
matograms 3 to 4 minutes after the i.v. administra-
tion of BSP; in other chromatograms it appeared
only after 10, 15, or even 30 minutes.

Figure 2 is a BSP chromatogram in a 2.5 year

FIG. 2. CHILD, 2.5 YEARS OLD. CHROMATOGRAMOF

PIGMENTS IN SERUMSAMPLESTAKEN AT DIFFERENT TIMES

AFTER BSP INJECTION.

old child. The same two components are present
as in the newborn infant. In this particular case
the slow component, f, was visible for the first
time in the blood sample taken 30 minutes after
BSP injection. A third component, bl (Rf, 0.73),
was present in three of the chromatograms in
children and once, 53 minutes after BSP injection,
in an infant. In two cases this component was
present in addition to the usual BSP conjugate f

BSP- concentration in the serum at different times after iv. injection showing
Free BSPand conjugates
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FIG. 3. CONCENTRATIONOF FREE AND CONJUGATEDBSP IN THE SERUMOF SIX NEWBORNINFANTS AT SPECIFIC IN-

TERVALS AFTER BSP INJECTION.
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FIG. 6. CHILD, 4.5 YEARS OLD. CHROMATOGRAMOF PIGMENTS IN SAMPLESOF DUODENALFLUID
OBTAINED AT DIFFERENT TIMES AFTER BSP INJECTION.

with an Rf of 0.23. In the other two the conju-
gate f was missing.

Figures 3 and 4 show the concentration of
free BSP and BSP conjugates in the serum at
specific intervals after the i.v. BSP injection in the
six newborn infants and the four children whose
chromatograms were analyzed for percentage dis-
tribution. The mean BSP retention 30 minutes

after injection was 18 per cent in the newborns
and 3.2 per cent in the children. No obvious dif-
ferences between newborn infants and children are

visible in the relative percentage of conjugated
BSP metabolites or in the time of their appear-
ance in the serum. The relative amount of con-

jugated BSP generally increased with decreasing
total BSPlevel. In two children (O.P. and B.D.)

Free and conjugated BSP in the bile oF iFants

BSP-concentration
inbile mg% 26 84 22 17,5 18 31 62 67 145 102 66

Patient H.A. MF K.M.
Age days 4 2 6

14,7 % 4,1 % 15.6 % Percent oF injected
100 BSP recovered

~90
CY)

80

70-

S¶

w W~~~~~~~~~~~~~~~~BPconj'ugates RF

0 ~~~~~~~~~~~~~~~~~~~~eO0,34

CY)~~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~
w ~~~~~~~~~~~~~~~~bosi

E]~~~~~~~~~~~~ ~~~~~~Free Bsp a o,81

Time after 60 90 120 150 60-70 15-60 90 180 210

iLv cion

minutes

FIG. 7. NEWBORNINFANTS; TOTAL BSP CONCENTRATIONAND PERCENTAGE
DISTRIBUTION OF FREE BSP AND CONJUGATESIN CONSECUTIVEBILE SAMPLES
OBTAINED AFTER I.V. INJECTION OF BSP.
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and in a newborn (S.B.), the samples taken 30
minutes or more after BSP injection contained
only conjugated BSP. Two different conjugated
metabolites were present in Child B.D. and Infant
S.O. (53-minute sample).

BSP conjugates in the duodenal fluid. Figures
5 and 6 are chromatograms obtained with acetone
extracts of duodenal juice. Figure 5 concerns a
4 day old infant. In the first fraction collected
during the 30 minutes after the BSP injection
there are three bands. The fastest corresponds to
free BSP, the two less polar bands are BSP
metabolites. In the following samples four to five
bands are visible. In the other chromatograms
from newborn infants there are generally three
to four, and occasionally only two, bands present.
Figure 6 is a BSP chromatogram of a child 4.5
years old. At 6 minutes after BSP injection no
spots are discernible on the paper. In the follow-
ing samples five to six bands are visible (except
in the last fraction where they are not clearly
visible in the reproduction). As a rule, four to
seven different bands could be distinguished on
the chromatograms of children.

Figures 7 and 8 give the percentage distribu-
tion of the various bands, the total BSP concen-

tration in consecutive bile samples, and the per-
centage of injected BSP recovered for those
chromatograms that were eluted. The fastest
component corresponding in mobility to free BSP
with a mean Rf value of 0.82 was labeled a. The
metabolites called b, c, d, e, and f had mean Rf
values of 0.61, 0.48, 0.43, 0.33, and 0.23 and
showed the same average mobility in infants and
older children. The closely moving band b was
combined with c, and d with e, for the calculation
of relative percentages of conjugates in some in-
stances (cf Figure 8, Children W.G., S.C., and
L.P.). As already mentioned there are fewer
BSP conjugates present in the chromatograms of
newborn infants (Figure 7) than in those of older
children (Figure 8). Infant K.M., for instance.
showed only free BSP and one conjugate. In
both groups free BSP constituted the major part
of the BSP present in the early samples, amount-
ing to about 58 per cent in the infants H.A. and
K.M. and 45 and 53 per cent in the children S.C.
and L.P., respectively. The number and relative
percentage of conjugated BSP metabolites in-
creases in later samples in both age groups. The
concentration of total BSP in the duodenal fluid
tended to rise faster and to reach higher values in

Free and conjugated BSP in the bile of children

BSP-concentration
in bile mg% 128 53 0,6 64 191 75 66 0,4 22 66 84 88 32
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the children than in the newborn infants; but
these differences were not very pronounced. The
recovery of BSP from the duodenal juice, ex-

pressed as percentage of dose injected, ranged
from 4.1 to 15.6 in newborns and from 5.8 to 43
per cent in children. In a comparison of new-

born infants and older children in whom duodenal
fluid was obtained over an extended period of
time (cf H.A. and K.M. in Figure 7, with S.C.
and L.P. in Figure 8) the percentage of recovery

was definitely lower in the newborn group. In
the two infants, 14.7 and 15.6 per cent were re-

covered in 150 and 210 minutes, respectively,
whereas in the children, 43 and 27 per cent were

found during a collection period of 120 minutes.

DISCUSSION

Confirming the findings of other investigators
(13-19) the present study shows that BSP re-

tention in the serum is higher in the newborn pe-

riod than in later life. It further indicates that the
quantity of BSPrecovered from bile (expressed as

percentage of the amount of BSP injected) and,
as a rule, the maximal BSP concentration reached
in the duodenal fluid are lower in newborn in-
fants. Several possibilities exist to explain this
increased plasma retention and decreased de-
livery of BSP into the bile.

First, the uptake of BSP into the liver cells
could be delayed, either because the ability of the
cells to remove dye from the plasma or the rate
of dye presentation (i.e., the sinusoid blood flow
rate) is decreased. It has been shown that the
typical plasma disappearance curve of BSP can

be fitted by two exponential functions. The slope
of the first of these functions reflects the rate at
which dye is leaving the plasma to enter the liver
(23). In young and older premature infants the
first half of the BSP excretion curve in the plasma
(slope I) does not differ much from that of adults
(19). This makes it unlikely that diminished up-

take is the cause of the increased BSP retention
in newborn infants. The substantial amount of
conjugated BSP often found in the serum shortly
after BSP injection also suggests that uptake is
unimpaired, because hepatic uptake presumably
has to precede conjugation and seems to be rela-
tively independent of this step (24). Theoreti-
cally some BSP could have been conjugated in

extrahepatic tissues (25), but the enzyme activity
in other organs is only a small fraction of that
in the liver (26).

The second possibility is that impaired conju-
gation could be responsible for the BSP retention
in the newborn period. A slight impairment can-
not entirely be excluded on the basis of our re-
sults. On the other hand, newborn infants and
older children showed the same number and per-
centage of BSP conjugates in the serum at a
given time after BSP injection. In duodenal
fluid, even though there were, as a rule, fewer dif-
ferent BSP conjugates visible, the percentage of
conjugated BSP, at least in later samples, was
about the same, regardless of age. On the whole
there is no great difference in the extent of BSP
conjugation between newborn and older children.
Impaired conjugation therefore seems unlikely as
the chief cause of delayed BSP clearance in the
newborn infant. This is somewhat in disagree-
ment with the finding that, in vitro, the BSP-
conjugating activity of the liver is decreased in
newborn rats (27).

In this connection one must remember that
conjugation is not essential for BSP excretion,
because free BSP is readily soluble and can be
excreted in bile and urine. In this it differs mark-
edly from the situation found in bilirubin excre-
tion. Why some of the BSP is conjugated prior
to excretion still is not clear. There is evidence
that conjugated BSP can be secreted at a higher
rate than is the free dye (24). On the other
hand, a mixture of BSP metabolites disappeared
more slowly from the plasma than did free BSP
(4).

Because uptake and conjugation deficiencies
seem unlikely, an insufficiency of the transport
or secreting mechanism is the most probable cause
of BSP retention in newborn infants. The ob-
servation that it is predominantly the second half
of the plasma disappearance curve (slope II) that
is altered (19) points in this direction, because it
reflects the rate at which dye is passed from the
liver to the bile (23).

The postulated deficiency of BSP secretion with-
out demonstrable insufficiency of the conjugation
process in newborn infants finds a parallel in the
cases of chronic familial nonhemolytic jaundice
with conjugated serum bilirubin of the Dubin-
Johnson and Rotor variety, in which BSP reten-

1018



CONJUGATIONOF BSP IN NEWBORNINFANTS AND CHILDREN

tion is also greatly increased, although conjuga-
tion seems to occur to a normal extent (28).

The question remains: to what extent are the
conjugates of the newborn period identical with
those seen in older children? The fact that the
compounds show the same Rf values in two dif-
ferent solvent systems points in a positive di-
rection. However, the final solution of the ques-
tion must await the chemical analysis of the
metabolites; this is at present under investiga-
tion. Results so far obtained (29), following the
procedures outlined by Grodsky, Carbone and
Fanska (8) and Combes (9), indicate the pres-
ence of the amino acids, glycine, glutamic acid, and
alanine (or cysteine), in conjugates from both new-
born and older children.

SUMMARY

In a group of 10 newborn infants 2 to 9 days
old and in 13 older children up to age 15.5 years,
samples of serum and duodenal juice obtained at
specific intervals after the intravenous injection of
5 mg sulfobromophthalein (BSP) per kg body
weight were submitted to ascending chromatog-
raphy for the estimation of free and conjugated
BSP. Although BSP clearance from serum was
markedly delayed in the newborn infants, the
number of BSP conjugates, the time of their ap-
pearance, and the percentage of conjugates in re-
lation to the total BSP concentration in serum or
bile did not differ essentially in the newborn group
from that observed in older children. From this
and other findings it appears likely that the ob-
served high BSP retention in the newborn period
is not caused by a deficiency of the conjugation
mechanism but points to an insufficiency of
secretion.
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