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Sulfobromophthalein (BSP) is normally cleared
from the blood by the liver and excreted into the
bile. Brauer, Krebs and Pessotti (1) originally
reported that part of the pigment appearing in dog
bile was chromatographically different from the in-
jected dye. Our studies using differenlt chromato-
graphic techniques indicate that in man the bulk
of the recovered pigments (65 to 75 per cent, ac-
cording to estimates based on their absorption at
575 nu) consists of two metabolites. Similar
metabolites are normally found in the urine and
trace amounts also appear in the serum. The ab-
sorption spectra in the visible range and the in-
dicator characteristics of BSP and the metabolic
products were indistinguishable (2).

The liver apparently is capable of producing the
metabolites, since they have beeni demonstrated in
bile from preparations of isolated rat liver perfused
with BSP (3, 4). Variations in the concentra-
tion of BSP metabolites in serum and urine of
patients witlh liver disease are reported elsewhere
(5).

Since the chemical difference between the free
dye and its metabolites elucidates in part the
mechanismii of hepatic function involved in BSP
clearance, characterization of this structural differ-
ence has received considerable attention. BSP is
a derivative of phenolphthalein , therefore both
compounds cotuld be excreted by the sanme patlh-
way, that is, by conjugation witlh glucuronic acid
(6). This mechanism for BSP clearance appears
unlikely since the metabolites were stable to hy-
drolysis with 8-glucuronidase (4, 7), with dilute
acid and with dilute base, and gave a negative
Dische reaction for uronlic acid (4). Further-
miiore, both of the major metabolites in human bile
were associated with ninhydrin-positive substances,

* Supported by a grant (A-2455) from the National
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whose identification was complicated by the pres-
ence of high concentrations of ninhydrin-positive
impurities arising from the bile itself (3). Sev-
eral recent reports have also indicated that the
BSP metabolites contain a ninhydrin-positive
moiety (8-1O). The present study reports the
presence of glycine and glutamic acid as possible
contaminants of the BSP metabolites and indi-
cates that BSP is excreted as a mercaptide with
cysteine or the peptide glutathione.

METHODSAND MATERIALS

IExperinenttal. Human subj ects with draining bile
fistulas were injected with 5 mg. of BSP per Kg. of body
weight. Control specimens of bile were taken immediately
before the dye was inj ected. Test specimens, in equal
volume, were collected during a 30 to 60 minute interval
after the injection.

Isolationt of the cruide mtetabolites. In initial experi-
menits, the metabolites were isolated as follows. The
total BSP pigments were extracted from bile with three
volumes of acetone. The acetone extract was taken to
dryniess ini vacuo, then dissolved in water (approximately
0.2 ml. per ml. of initial bile). The solution was chro-
matographed on Whatman 3 MMpaper in an ascending
system employing tert-butanol-water (1.73: 1 v/v) for
six to 15 hours. The BSP bands were developed with
ammonia fumes (or if permanent records were desired,
by dipping the paper in a fresh saturated solution of
sodium hydroxide in 90 per cent ethanol). After the
position of the metabolites had been determined with am-
monia, the bands were cut out and individually eluted
with water. The resultant solutions were then taken to
dryness.

Putrification of the inetabolites. Purified pigments were
prepared by chromatography in three systems. Activated
alumina (Alcoa, 80 to 200 mesh) was washed 10 times
in two volumes of water and once in acetone. During
each washing period, the larger particles were allowed
to settle for one minute; the supernatant was then de-
canted and discarded. The dried alumina was sus-
pended in a loading solution consisting of two volumes of
acetone to one volume of water. Columns, 3.4 cm. (outer
diameter) by 6 cm., were prepared by gravity packing.
The dried acetone extract from 60 ml. of bile was sus-
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BSP METABOLITES IN HUMA
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further removed traces of ninhydrini-positive
After elution with water, the metabolites
rated by chromatography in the tert-butanio
tem used originally. The individual metal
then eluted with water, taken to dryness
1i zoaceno.

The equal volume of control bile obtainiec
subject immediately before injection of BSP

similarly. Fractions corresponidinig in mobil
1 To reduce ninhydrin-positive impurities, th

first washed 10 times witlh glass-distilled wat

individual metabolites were isolated by employing the

kN BILE three chromatographic systems just described. The
chemical characteristics of the control fractions were

compared with those of the pigment fractionis obtained
from the bile containing BSP.

Hydrolysis of the miietabolites. In iniitial experiments
the individual metabolites were hydrolyzed in 6 N hydro-
chloric acid in a sealed glass tube at 1200 C. for 18 hours.

FRONTir After being repeatedly dried and redissolved in water to
8SF drive off traces of remaining hydrochloric acid, the hy-

drolysate was subjected to chromatography in the tert-
butanol-water solvenit system. The inldividual aminio
acids were subsequenitly identified by two-dimensional
chromatography (11). Sinice hydrolysis with hydro-
chloric acid destroys several amino acids, inicluding cys-
teine (12), this method was subsequently discarded in
favor of hydrolysis with 48 per cent hydrobromic acid in a
sealed tube at 1200 C. for 18 hours.

Hydrogewolysis wzcith Raney-nickel. Raney-nickel cata-
lyst W-2 was prepared as described by Mozingo (13).
A sample of metabolite containing approximately 0.4
mg. of BSP (by weight) was dissolved in 0.2 ml. of
water and mixed with 200 mg. of Raney-nickel suspended
in 2.5 ml. of ethanol. After being refluxed for two hours,
the mixture was cenitrifuged and the supernatant w-as re-
moved. The precipitate was washed two times with du-

OR/GIN plicate washes of 0.5 ml. of 50 per cenit ethaniol and five
times with 0.5 ml. of 10 per cent ammonium hydroxide.
The supernatant and washes were combined anid takeni

IG.MENTS IN to dryness in voano. "Desulfurated glutathione" was pre-
pared by substitutinig glutathione for the sample of the

-water was imietabolite in the above procedure.
2.ninliydriii Synthesis of BSP-a;niino (icid coin plexes. A solutioni

etha.inhy. i consistinig of 0.1 mMole of free BSP and 0.1 mMole of
cysteine, adjusted to 2 ml. with water, was heated in a

sed through sealed tube at 1200 C. for 18 hours. The reactioln mix-
ith anl addi- ture was taken to dryness and free BSP and the uni-
niconjugated reacted amino acids were removed by the same three
eluted with chromatographic systems used for the BSP metabolites.

~um hydrox- The complexes, if aly, were eluted with water and taken
conjugated to dryness in vcOtco. Complex formationi of BSP andl

h 125 ml. of the following amino acids or peptides was similarly at-

Lkenl to dry- tempted: cystine, glutathionie, tryptophan, tyrosinie, phenyl-
:er and sub- alanine, glycin e, glutamic acid, valine, alaninle, serinie,
n Whatmani threonine, methioniie, lysinie hydrochloride and( leucinie.
f it-butanol-
solution by RESULTS

This systes The BSP metabolites obtained fromil bile re-

were sepa- acted positively with ninhydrin (Figure 1). The
1-water sys- possibility that the conjugates were complexes
bolites were with protein is unlikely, since most of the proteins

and stored were either precipitated during the initial acetone

I from eachi extraction of bile or held at the origin in the
was treated chromatographic systems employed.

lities to the When BSP-A and BSP-C were eluted from-i

e paper was the initial paper chromatograms and hydrolyzed
'er. in hydrochloric acid, ninhydrin-positive substances
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TABLE I

Release of ninhydrin-positive material from BSP metabolites after hydrolysis with HCI

Before HCI After HCI

Metabolite Metabolite
minus minus

Control Metabolite control Control Metabolite control

ug. N*/ml. of fraction ,sg. N*/mI. of fraction
BSP-A 1.1 8.1 7.0 19.9 30.2 10.3
BSP-A 3.0 15.0 12.0 17.2 31.0 16.0
BSP-A 2.4 12.6 10.2 12.6 25.7 13.1
BSP-C 2.0 7.1 5.1 10.2 15.3 5.1

* Quantitative ninhydrini determined by method of Moore and Stein (14). Glcinie was uised as the standard for
calculating Ag. N.

were released, wlhich when analyzed by two-
dimensional chromatography proved to be pri-
marily glycine and glutamic acid. However, when

samples of normal bile (which did not contain
BSP) were chromatographed and fractions corre-

sponding in mobility to the metabolites were eluted
and hydrolyzed, large quantities of glycine and
glutamic acid were again found. The amounts of
ninhydrin-positive material released from the
crude BSP fractions and from identical fractions
of control bile before and after hydrolysis with
hydrochloric acid are compared in Table I. (No
attempt was made to establish the ratio of BSP
to amino nitrogen in this crude mixture.) The
content of niinhydrin-positive material in the BSP
metabolites, whiclh was higher than that of the
control fractions before hydrolysis, was increased
two- to fivefold after hydrolysis. Analysis of the
controls, however, showed that most of this amino
nitrogen came from the bile or paper (as glycine
and glutamic acid) rather than from the BSP
metabolites. The metabolites required further
purification before their ninhydrin-positive con-

stituents could be identified.
The chromatographic paper used in mlost of our

studies contained considerable amounts of glycine
and glutamic acid which were demonstrable only
after acid hydrolysis. These impurities were sub-
stantially reduced by the described washing pro-

cedure. The electrophoretic mobility of bile-ace-
tone extracts containing BSP were extensively
studied with three systems using 0.25 AI acetic
acid as the electrolyte: Durrum paper electro-
phoresis (15), hanging curtain electrophoresis
(16) and starch block electrophoresis (17). The
patterns obtained with the three systems were es-

sentially the same. Unconjugated BSP moved

rapidly toward the anode; the ninhydrin-positive
metabolites moved less rapidly toward the anode
and were usually indistinguishable from each
other; large quantities of ninhydrin-positive im-
purities remained at the origin or moved toward
the cathode. For large-scale preparations, electro-
phoresis was eventually abandoned in favor of
chromatography on alumina columns, followed by
chromatography in the two systems, butanol-water
and n-butanol-water-acetic acid. On three oc-
casions, the molar ratio of BSP to ninhydrin-posi-
tive amino nitrogen (with cysteine as a standard)
of each nmetabolite ranged from 0.8 to 1.2. Con-
trol bile purified by this proceduire was ninlhydrin-
negative before lhydrolysis. Figure 2A shiows the
results obtained after hydrolysis of the purified
metabolites with hydrochloric acid. Glycine and
glutamic acid were still found in the controls, as
well as in the fractions containing the metabolites.
When the concentrations of purified pigment were
greater than 0.25 mg. per square cm., a faint
ninhydrin-positive streak corresponding to cysteine
was usually detectable in the BSP fractions but
niot in the controls. The often reported (12)
destruction of cysteine by hydrochloric acid was
demonstrated when glutathione, a peptide con-
taining glutamic acid, glycine and cysteine in equal
quantities, was hydrolyzed in hydrochloric acid
and chromatographed (Figure 2A). At low con-
centrations so much of the cysteine was destroyed
that only glycine and glutamic acid were de-
tectable.

Hvdrolysis 7kith hydrobroiiiic acid

Some amino acids are comparatively stable dur-
ing hydrolysis with hydrobromic acid (18). Fur-
therniore, this reagent can be more effective than
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hydroclhloric acid in hydrolyzing mercaptides (19).
In the chromatographic patterns obtained after
hydrobromnic acid hydrolysis, cysteine wras de-
tectable as a discrete well-defined spot arising

froli 1)oth BSP purified metabolites (Figure 2B).
The presence of cysteine was the only qualitative
differelnce h)etwA een the metabolites and the con-
trols.

HYDROLYSIS WITH HCI

A.

CONTROL 8SP-A
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FIG. 2. CHR1OMATOGRAPHYOF NINHYDRIN-POSITIVE SUBSTANCES ARISING
FROM BILE AND BSP METABOLITES

Ascending system employing tert-butanol-water was used. A. Hydrolysis
in 6 N HCl at 1200 C.; B. hydrolysis with 48 per cent HBr at 1200 C.; C.

hydrogenolysis with Raney-nickel.
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HYDROGENOLYSISWITH RANEY- NICKEL

CONTROL BSP-A
BILE A

coNTROL BSP-C
BILE C

ALANIVNE OE-

5(1LP*RATEt
GUlrTA TN/ONE

FIG. 2.-Continued

Raney-ntickel liydrogenolysis

Hydrogenolysis with Rainey-niickel breaks the
carbon-sulfur bond in miiercaptide linkages (20).
If the BSP metabolites are conjugated with
cysteine through the cysteine-sulfur bond, Raney-
niickel treatment should result in the degradation

of the cysteine and the release of desulfurated
cysteine (alaiiine). Furtlhermore, since this treat-
ment does nlot hydrolyze peptide bonds, the inter-
ference of amiino acids arising in the controls after
hydrolysis with lhydrochloric acid or hydrobromic
acid is eliminated. When either purified BSP-A
or BSP-C was treated with Raney-nickel and the
resultant product was chromatographed (Figure
2C), only one major ninhydrin-positive spot was

detected. This material was chromatographically
identical to alanine after two-dimensional chroma-
tograplhy. There was no spot corresponding to
desulfurated glutathione (the assuined product of
BSP-glutathione degradation by Raney-nickel).
No significant amount of ninhydrin-positive ma-

terial was demonstrable in the controls after treat-
ment with Raney-nickel.

Staining wit/ dich rontate-silver n?itrate

Knight and Young reported that mercaptides
and compounds with an available sulfhydryl group,

when stained witlh potassium dichromate-silver
nitrate, give a positive reaction characterized by
an orange spot on a dark brown background (21).
Both BSP-A and BSP-C reacted positively, while
similar fractions from control bile were negative.

Synthesis of BSP-amino acid compleXes
When BSP was incubated at 1200 C. with 14

differelit aminio acids, only cysteine (or cystine)
produced a complex with the pigment.2 After
elimination of unreacted BSP anid cysteine on

the alumina column, the product contained BSP
and cysteine in a molar ratio of 1 to 1. When
chromatographed in tert-butanol-water, the BSP-
cysteine complex moved as two spots, correspond-
ing in mobility to purified BSP-A and BSP-C,
respectively. Both spots were ninhydrin-positive,
stained witlh dichromate-silver nitrate and. pro-
duced alanine (identified by two-dimensional chro-
matography) after treatment with Raney-nickel.
When the synthetic mixture was added to bile, the
chromatographic pattern was identical to that of
the natural products (Figure 3). Pyrolysis of
BSP with glutathione also produced ninhydrin-

2 By this procedure phenolphthalein also formed com-

plexes with cysteine. Presumably then, the cysteine may
conjugate directly with the phenolphthalein core of the
BSP molecule.

C.
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CHROMATOGRAPHYOF SYNTHETIC B$SP-CYSTEINE

asp- BSP-
METABOL/TES CYSTE/IE

-- B-E IL aBILE

FIG. 3. CHROMATOGRAPHYOF BSP METABOLITES AND SYNTHETIC BSP-
CYSTEINE COMPLEXES

positive synithetic conmplexes ch romatographically
similar to BSP-A and BSP-C.

DISCUSSION

Hydrolysis of the BSP metabolites appearing in
human bile with hydrobromic acid, treatment with
Raney-nickel, and staining with dichromate-silver
nitrate strongly suggest that BSP is excreted, at
least in part, as conjugates containing cysteine.
Synthetic complexes of BSP and cysteine have
the same chromatographic mobilities as the natural
metabolites.

The fact that hydrolysis of the metabolites with
hydrochloric acid destroys most of the cysteine
may explain why the presence of this amino acid
was not noted by others (8, 10) who used only
hydrochloric acid hydrolysis. The appearance of
glycine and glutamic acid after hydrolysis of the
metabolites may be misleading under circum-
stances where control bile is not similarly treated
(10). Hydrolysis of normal bile purified by our
procedures demonstrated that much of the glycine
and glutamic acid in the fractions containing the

BSP metabolites mnay arise fromli the bile itself or
fromii impturities in the chromatograplhic paper.
However, conclusionis based on comparisonis of
the quantities of amiiino acids appearing in purified
normal bile and in bile containiing BSP after acid
hydrolysis are also equivocal. The control sam-
ples are necessarily taken about 30 mninutes be-
fore the experimental samiiples and the twso mlay
not be identical in comnposition. For this reason,
the persistent presence of glycine and glutamic
acid cannot, at preseInt, be ignored. If glycine
and glutamic acid are involved in BSP metab-
olism, they may be either in combination with the
cysteine as a peptide or exist as independent coI-
plexes with the same chromatographic mobility as
BSP-cysteine mercaptide. In view of the numer-
ous chromatographic systems employed in this
study, the latter possibility is uinlikely. Further-
more, a conjugation of the acidic BSP molecule
with glycine wouild most likely take place througl
a peptide linkage, whiclh would result in a ninhy-
drin-negative compound. The association of cyste-
ine, glycine and gltutamlic acid with the metabolites
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suggests that glutathione could be involved in BSP
metabolism. Although it has never been satis-
factorily demonstrated, glutathione has often been
suggested as a precursor for cysteine conjugation
(22, 23). Bray and Franklin showed that liver
slices were capable of producing cysteine mer-
captides from previously formed glutathione mer-
captides (23). We observed that the synthetic
BSP-glutathione complexes have chromatographic
mobilities similar to those of the naturally oc-
curring metabolites. Isotopic studies, currently
under way, may clarify the role of glycine and
giutamic acid in the metabolism of BSP.

BSP contains four bromiiine atoms on one of its
three aromatic rings. Precedent for the conjuga-
tion of halogenated aromatic substances with
cysteine is well known. Two sites for the attach-
ment of cysteine to the BSP molecule are possible:
a complex with the SH group of the cysteine
molecule may occur a) on a free position of an
aromatic ring or b) after substitution for one of
the halogenis (24). Krebs and Brauer reported
that the ratio of bromine to S35 in BSP anid in the
metabolites is the same (7). If so, this observa-
tion indicates that no bromine has been lost and
that the complexes are at the free positions of the
ring. The demonstration that two major com-
plexes can be synthesized from BSP and cysteine
suggests two possibilities: that cysteine may com-
plex to different available positions on the BSP
molecule or that more than one molecule of
cysteine may attach to each BSP molecule. The
approximately 1: 1 molar ratio of BSP to cysteine
in both metabolites favors the former possibility.

The demonstration that BSP is conjugated with
cysteine suggests that other tissues may be capable
of metabolizing the dye. Mills and Wood (25),
utilizing tissue slices, have showni that cysteine
conjugation reactions can occur in kidney. Indica-
tion of the extrahepatic metabolism of BSP is
further suggested by the fact that BSP metabolites
account for 25 per cent of the dye excreted in
the urine of hepatectomized dogs (26).

After the uptake of circulating BSP by the
liver, a significant delay occurs before the pigment
is secreted into the bile (27). Apparently at least
two processes, both of which may require active
enzyme systems, are involved in the clearance of
BSP. It is not inconceivable that the conjugation
of BSP with cysteine or cysteine-containing pep-

tides may be the rate-determining step for either
the uptake of the dye by the liver or its eventual
secretion into the bile.

SUMMARY

The two major ninhydrin-positive metabolites
of sulfobromophthalein appearing in human bile
were isolated by column and paper chromatog-
raphy. Their chemical characteristics were studied
as follows:

1. Hydrolysis of the purified metabolites with
concentrated hydrochloric acid at 1200 C. re-
vealed the presence of the amino acids, glycine,
glutamic acid and possibly cysteine. Similar treat-
ment of control bile containing no sulfobromo-
phthalein also resulted in the appearance of con-
siderable amounts of glycine and glutamic acid.

2. Hydrolysis of the metabolites with hydro-
bromic acid more clearly demonstrated the pres-
ence of cysteine, which was not detectable in the
control bile after similar treatment. Both con-
trols and metabolite fractions contained glycine
and glutamic acid.

3. Treatment of bothi mietabolites with Raney-
nickel resulted in release of desulfurated cysteine
(alanine). Controls were negative.

4. Staining with potassium dichromiiate-silver
nitrate gave a positive reaction, indicating the
presence of a mercaptide in the metabolites.

5. Synthetic complexes of BSP with cysteine,
cystine or glutathione had the same chromato-
graphic mobility as the two naturally occurring
metabolites. Amino acids lacking the sulfhydryl
group failed to form complexes.

6. It was concluded that BSP is excreted at
least in part as a mercaptide witlh cysteine or the
peptide glutathione.
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