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I. Introduction

.In connection with a widely employed photothera-
py for neonatal jaundice [1] we have been mvestigat-
ing [2, 3] the photooxygenation of bilifubin 1Xa (1),
only a few of whose phoio-destruction praducts have
been chdracterized with certainty [2—6]. A green pig-
ment, biliverdin (2) has been implicated as an interme-
diate in the photo-destruction of 1 by various investi-
gators [5—8] on the basis of visible-ultraviolet spectro-
scapic evidence. Until this work, the green pigment in
question had never been isolated, and its structure re-
mainad inconclusively proved [2] . Since McDonagh
has shown that biliverdin (2) is a singlet oxygen
quencher [9], the possibility and extent of iis pres-
ence during the self-sensitized photooxygenation of
bilirubin (1) [10] becomes an important criterion in
evaluating the efficacy of the bilirubin phototherapy
‘method {1]. We therefore wish to report on the
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fsolafion of 2 during the photooxidation of | and its
unegquivocal identificarion be means of its derivative,
biliverdin dimethy! ester {3).

2. Mater‘ml; and methods

A 0.40 mM methanolic solution of bilirubin 1 Xo
{1) [Matheson, Coleman and Bell] ¢ontalning enough
conc. NH,4OH (0.078 mlf 100 m! methanol) to dis-
solve it was photolyzed in an immersion well appara-
tus using a 500 W Sylvania tungsien—halogen lamp
(500 Q/CL) at 120 V while bubbling a slow stream of
oxygen through the solution. Identically prepared
solutions were frradiated separately for periods of
1,2.3.4and 7 hr. In each photolysis run, after the
prescribed irradiation time, about 10 ml of 10% aq.
HCI were added to neutralize the NH,,O1. (Unreacted
bilirubin precipitated from solution following this
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Fig. 1. Visible —UV spectral changes duriag bilirubin (1) photooxidation. Curves are labeled with ivadation times (hours). The
original soletion (0 hr) s 0.4 mM in methano! + trace of NH,OH. AIl curves are run ailter a concentration dilution of 1:22.5.

treatment of the 1- and 2-hr photooxidation runs).
The solvenl was evaporaied on a flash evaporator, and
the resulting selid was esterified using methanolic
boron trifluoride etherate according to the procedure
of Bonnet: and McDonagh [i1]. Biliverdin dimethyl
ester (3) was separated as a dark blue-green band, Ry
0.43, from the crude esterification mixture by prep-
arativc thin-layer chromatography on silica gel F

(M. Woelm, Eschwege, } mm, 24°) using 12% acetone
in chloroform. The biliverdin dimethy! ester isolated
following photoaxidation of 1 fmol. wi. 610.2793,
C35H3gN4O | had a mp 20677 (lit. [11] mp
208—-9") which was undepressed in a mixture melting
point with authentic material [12].

3. Results and discussion

As a control experiment to determine the efficien-
cy of the esterification procedure applied Lo photo-

product 2, crude 2 was prepared in 90% yicld by con-
trelled oxidation of I [11] and purified by column

chromatography on silica gel as reported earlier [13].
Samples al the purified 2 were esterilied exactly as
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described for the photooxidation mixture. The yields
of 3 were 49%. _ : ‘

The visible-—ultraviolet spectral changes accompany-
ing the photodecomposition of bilirubin [ Xa in mcth-
anolic NH4OH are shown in fig. 1. After even a short
irradiation time new absorbances in the vicinities of
230, 370 and 650 nm were readily apparent; whereas,
the principal fong wavelength (450 nm) peak of | was
markedly diminished. The 280 nm absorbance has
been associated with the two isomeric propen. lyopent
photo-praducts formed in moderately high vield
(30—-40%) from 1 [3,4]; the 370 and 650 nm absor-
bances have been associated with verdinoid pigment
[6, 7, 14] which we have completely characterized as
biliverdin X (2). In the course of 7 hr of irrmliation.
as 1 was more campletely destroyed, both the 280
nm and 650 nm (+ 370 nm) absorbances grew and re-
mained relatively constani (280 nm) or diminished
somewhat (650 + 370 nm). Under our reaction condi-
tions 2 was formed in a maximum amount of 15%
(correcied) isolated yield after 3 hr during the caurse
of photooxidation and was cuntinously photo-de-

“stroyed-[13] at a rate much slower than that of |

{fig. 2). The maximum yield of 2 was achieved when
1 was nearly completely (85%) destroyed.
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Fig. . Yicld (%) of biliverdin {(2) vr time of photooxidation
of bilirubin (1) and decrease in opticat densily (100% at 0 hr)
of 1 vt Lime during pnotooxidation. Bilicubin O.D.
{(o—no0—n), biliverdin % yield (o —o~—o).

We have also found that the yields of 2 from
pholooxygenation of 1 arc solvent and concentration
dependent. Thus, a change from methanolic NH4OH
to chloroform solvent afforded a surprisingly high
{38% corrected) isolated yield of 2 after a photooxida-
tion of 2 0.7 mM solution of 1. The effect of bilirubin
concentration variation on product yield may be seen
in the following. For equivalent reaction limes {as
determined by a time study of the spectral deomposi-
tion curves), photooxygenation of a 0.4 mM methe-
‘nohic ammonia solution of 1 gave an 11.5% (cor-
rected) yield of 2; whereas, a 0.09 mM solution of |
in the same solvent afforded a 4.8% yield. Similarly,
in chloroform solvent a 0.7 mM solution of 1 gave a
38% (corrected) yield of 2; whereas, 2 0.09 mM solu-
tion of 1 =ffesded a 16.7% yield. A lesser percentage
yrld of biliverdin was formed in the ghotooxidation
of very ditute soletions of bilirubin as contrasted with
more concentrated solutinas, and a higher percent ot
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biliverdin was formed in chloroform as compared lo
methanolic ammeonia. The fact thal more 2 was
formed in chloroform tlian methanol supports the
notion that it is formed vir a frec radical oxidation
mechanism.

Frenr our data we conclude that biliverdin (2) is
not the principal precursor Lo the majority ol the
bilirubin photopreducts formed in protic solvents
[3]. Rather, it arises in a competing side reaction and
is considerably more photosiable than bilirubin (1)
under the conditions of photuoxygenation [9]. [vis
noteworthy that biliverdin slowly photooxidizes to
many of the same products as bilirubin, including
methylvinylmaleimide [13], ematinic acid and
propentdyopents f15].

Acknowledgements

We than!c the National Science Foundation
{GP-35699X) and the National Institute of Child
Health and Human Development of the U.S. Public
Health Service (HD-07358) for generaus support of
this work. G.B.Q. acknowledges receipt of an NDEA
Fellowship. D.C.C. was a University of Calitormnia
President’s Undergraduate Fellow and National
Scierce Foundation Undergraduate Research Fellow.

References

[1] Fer. recent summary see: Bilitubin Metabolism of the
Newborn, eds. D. Bergsma, D.Y.-¥Y. Hsia and C. Jackson
(Williams and Wilkins Co., Baltimore, 1970}.

[2] D.A. Lightner and G.B. Quistad, Science 175(1972)
124,

D.A. Lightrer and G.B. Quistad, Nature New Biology
236 (1972) 203.

[3| D.A. Lightner and G.B. Quistud, FEBS Letters 25
(1972)94.

{4} R. Boonctt and J.C M. Stewart, Chem. Commun.
11972) 594.

15} For leading references see: J.D. Ostraw, Semiuars in
Hlemitol. 2 (1372) LI12;

1.D. Ostrow, Prog. in Liver Discascs, Vol. IV, in press.
|6] C.1. Gray, A. Kulezycka and D.C. Nicholson, 1. Chem.

Soc., Perkin | (1971) 288,
[7] J.D. Ostrow, L. Hammaker and R. Schmid, 1. Clin.

Invest. 40 (1962) 1442,
[B] R.A. Velapoldi and O. Menis, Clin. Chem. 17 (1971) 1Lt
(2] A.F. McDonagh, Biochem. Biophys. RRes, Commun. 43
(1973) 408.

311



* Volime 30, nu?nber 3 ‘ l'-‘izlis urrmns Luh;h lim

- oa

[lﬂl Mcl)nuaghhasnhuwn thntﬂzehﬂh-ulinphotooxidnﬂon o mmm“mumudonmﬁﬂus-gmm:pecuo-
reaction nvolves singlet oxygen with bilirubin actingas -~ - * - - - meter. All visihle-ultraviolot speciral messurements wese
pholosensitizer, "ALF. McDomtgh Biodmm. Biophyl. o dehrmlned onaCuy 14 lpectrophommcter .
Res. Commugp: 44 (1971) 1306. - .. llEl] D.A. nghhuf und D.C Cramhll, FEBS l..ettam 20

[11} R Bonnett and A.F. McDonagh, Chem. Commun_ - . {1972)53.-

(197G) 238. We thank Dr. A.F McDonqh for &hﬂz ) f14] LD Ottrowand ll V. Brmham.ﬁnhnentqrulogy 58
of this procedure. " . - (1970) 15 and references therein;

[12} Aﬂmeldngpomuwcrednturmmed on aTl\mmu-— ) - [15] DA, Lighl:nm'lndD.C Crandall, unpublished
Hoover capiliary apparatus and arb uncorrected. Mass obsamuons

312



