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Degradation of bilirubin in aerobic methanol solution by continuous UV-B irradiation has been investigated
in this work. The purpose of this study was to shed more light on bilirubin interaction with the UV-B com-
ponent of natural sunlight, since bilirubin is a very efficient UV-B absorber located in the skin epidermis.
The degradation products have been detected and studied by a combined method of Ultra High Perfor-
mance Liquid Chromatography-Electrospray lonization Mass Spectrometry (UHPLC-ESI-MS). Bilirubin, a
toxic pigment which itself is a product of (hemoglobin) degradation in organisms, undergoes its own degra-
dation under aerobic conditions of UV-B continuous irradiation (e.g. photooxidation) that can be partly
self-sensitized. Two dipyrrolic structures have been identified as a result of the bilirubin degradation, not
including the bilirubin derivative biliverdin whose increase in the irradiated system is synchronous with a
time dynamics of bilirubin degradation. It appears that one of dipyrrolic products originates directly from
bilirubin and biliverdin molecules, while the other one is probably connected to bilirubin self-sensitized
degradation. The precursor role of biliverdin in the degradation process — related to the detected dipyrroles

— has not been confirmed.

1. Introduction

Bilirubin (BRB) is the degradation product of the protein hemes.
About 85% of bilirubin originates from hemoglobin heme,
whereas the rest comes from the hemes of other proteins (myo-
globin, cytochrome, catalase, peroxidase) (McDonagh 2010;
Hansen 2010). The heme(s) catabolism is including heme-
oxygenase action which breaks the methylene bridge between
two pyrrole rings of the heme-porphyrin structure leading to
formation of a green pigment, biliverdin, and its consequent
conversion to a yellow pigment, bilirubin (Wang et al. 2006).
Bilirubin is a toxic pigment which is transported through the
bloodstream bound to albumin, so called non-conjugated BRB,
liposoluble and non-excretable by the kidneys. The toxic BRB is
eliminated through its ester-type linkage conjugation with glu-
curonic acid inside the liver hepatocytes, yielding hydrosoluble
and kidney-excretable BRB-mono-(10%) and diglucuronides
(90%) (Fevery 2008).

Parts of bilirubin total amount are stored in the skin epidermis
and react with natural sunlight, including the most energetic
fractions, UV-A (320-400 nm), and particularly damaging UV-
B light (290-320 nm). The less energetic UV-A light penetrates
deeper, in the dermis skin layer, because BRB and some other
very important biomolecules — like flavins (riboflavin), flavonols
(like quercetin), vitamins, pigments (like melanin) — present in
the epidermis skin layer are very efficient UV-B absorbers (Won-
drak et al. 2006). Both UV-A and UV-B (as the integrative parts
of natural sunlight) lead to the skin photoageing effects on a
larger time scale that can be accompanied by genotoxicity and
cancerogenesis, mostly initiated through the (UV-absorbing)
compounds photosensitizing activity following UV-absorption
(Svobodova et al. 2003; Pouillot et al. 2011). That is why inter-
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action of bilirubin with UV-light is worth of research per se,
independent of any visible light application on BRB, and the
most simple approach to get basic information is to study BRB
interaction with UV-light in solution. There are few reports from
the 1970’s on BRB photooxidation in various solutions done
with various light sources, yielding formation of different pho-
toproducts including the ones of mono- and di-pyrolles type
(Lightner and Quistad 1972a; Bonnett and Stewart 1972a; Gray
etal. 1972). There are also some later reports dealing with anaer-
obic photoirradiation of bilirubin in solution (Itoh et al. 1999),
or with aerobic and anaerobic photoirradiation of bilirubin-HSA
(Human Serum Albumin) complex in vitro with blue-white and
green light (Yasuda et al. 2001). Following this trail this work
deals with BRB continuous irradiation with UV-B light in aero-
bic methanol solution, analysis of the yielded products by Ultra
High Performance Liquid Chromatography/Electrospray lon-
ization Mass Spectrometry (UHPLC/ESI-MS), and elucidation
of the obtained results, including consideration of existing expla-
native mechanisms. To our best knowledge such a study has not
been done yet.

2. Investigations and results

Structures of bilirubin (BRB) and its derivative biliverdin
(BVD), in an opened linear form, known as BRBIXa and
BVDIXa, are shown in Fig. 1(A-B). As it can been seen the two
tetrapyrroles have very slight structural differences: double bond
in the middle of BVD structure (between the two dipyrolles enti-
ties) which does not exist in BRB structure. However, this small
difference makes a huge, dramatic change in BVD absorption
spectrum: the prolonged conjugation provides, besides major
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Fig. 1: Structure of bilirubin - BRBIXa isomer (A) and biliverdin -BVDIXa (B).

absorption peak now hypsochromically shifted at about 370 nm,
a new minor peak with an indicative position at 660 nm (see
Fig. 2B1).

The UHPLC monitored chromatograms of BRB in MeOH
at Ager. =405 nm before and after 20 mins of UV-B irradi-
ation are shown in Fig. 2A. The first two marked peaks,
at the beginning of the retention scale (marked as No.l,
recorded at t,o, =1.90 min, and No. 2, recorded at t,o, =2.45 min)
belong to the induced products (Products 1 & 2, respec-
tively). The peak No. 3 (t =3.36 min), already existing in
pre-illuminated solution, and significantly enhanced after the

irradiation period, belongs to biliverdin. Finally, the major peak
located at t, = 12.27 min belongs to bilirubin; the two “shoul-
ders”, recorded at ty =11.55 min (left) and 13.00 min (right)
belong to BRB isomers.

The absorption spectra related to BRB & BVD peaks from
chromatogram shown in Fig. 2A, are shown in Fig. 2B1. The
absorption spectra related to the peaks representing Products 1
& 2 from the chromatograms in Fig. 2A, are shown in Fig. 2B2.
The MS/MS spectrum of the BRB peak (ty =12.27 min)
obtained in the pre-illuminated solution is shown in Fig. 3A. The
most abundant fragmentation peak appeared at m/z=299.10,
and the anticipated structure, based on available reference data
is shown in Fig. 3C (Jackson et al. 1967; Quinn et al. 2012). In
addition, the MS/MS spectrum of the BVD peak (t;;. = 3.36 min)
also obtained in the pre-illuminated solution, is shown in Fig. 3B.
Evidently, there is an obvious correspondence between MS/MS
fragmentation patterns of BRB & BVD peaks, since the most
abundant peak and the consequent fragment positions have been
separated for two units (m/z=299.10 & 271.04 in the case of
BRB degradation; m/z=297.07 & 269.10, in the case of BVD
degradation, respectively).

The MS/MS fragmentation pattern of the peaks related to
Product 1& 2 (tr. =1.90 & 2.45min, respectively) from
chromatogram shown in Fig. 2A are shown in Fig. 3C&D,
respectively. The proposed structures (belonging to the Prod-
uct 1& 2) are given next to the marked protonated molecular
ions in the spectra. These structures explain big difference in
the absorption spectra (shown in Fig. 2B2): the additional con-
jugation in position 1 of the Product 2 (compared to the Product
1-Fig. 3C&D) makes huge impact in A« shift, 292 vs. 405 nm,
respectively.

A detected decrease of BRB concentration with the increasing
periods of UV-B irradiation, obtained from a series of DAD-
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Fig. 2: Bilirubin (BRBIXa) in methanol, irradiated with continuous UV-B irradiation. The UHPLC-chromatograms for not-irradiated and 20 min irradiated BRB solution,
recorded (wavelength detection) at 405 nm (A). Absorption spectra of bilirubin (peak No. 4, ty;. = 12.26 min, from Fig. 2A: “central” BRBIXa isomer) and UVB-induced
Product 3, e.g. biliverdin (BVDIXa, peak No.3, t;.=3.36 min) (B1); the absorption spectra related to the peaks representing Products 1 & 2 from chromatogram shown in

Fig. 2A (tre. = 1.90 & 2.45 min, respectively) (B2).
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Fig. 3: The MS/MS spectra of bilirubin (peak No.4: BRBIXa, from UHPLC—chromatograms shown in Fig. 2A) (A), biliverdin (Product 3, BVDIXa, the peak No.3) (B), and the

Products 1 & 2 (the peaks No.1&2) (C & D, respectively).

recorded chromatograms at 446 nm (BRB Ap,x), is shown in
Fig. 4A. A dynamic change of BVD concentration with the
increasing periods of UV-B irradiation, obtained from a series of
the chromatograms at 370 nm, is shown in Fig. 4B. A detected
increase of the Product I concentration, obtained from a series of
the chromatograms based on ESI-MS data at m/z 333, is shown
in Fig. 4C. Finally, a dynamic change of the Product 2 concen-
tration with the increasing periods of UV-B irradiation, obtained
from a series of the DAD-recorded chromatograms at 405 nm,
is shown in Fig. 4D.

The Product 1 is named as 2,7-dimethyl-3-vinyl-8-car-
boxyethyl-9-keto-6-metoxy-pyrromethenone (which corre-
sponds to the assignment for the very similar compound made
by (1983)). Accordingly, Product 2 is named as 2-methyl-
8-methylen-3,7-diethyl-1-keto-dipyrromethane-9-carboxylic
acid.

Full MS spectra of the non-irradiated and irradiated samples for
the given m/z scale (100-1000 units) have been recorded (not
shown).

3. Discussion

Bilirubin activity is highly dependent on its conformation, hav-
ing in mind that BRB has not a fixed shape. It is a flexible
molecule that has different forms of stability depending on
molecular environment. The shape that is dominant in crystals
and solutions is a “folded form”, created through intramolec-
ular H-bonding stabilization between NH/O and OH/O groups
(McDonagh and Lightner 1985). In such a structure, hydrophilic,
polar -COOH and —-NH groups are bound through mutual inter-
actions and so inaccessible to the polar solvent groups, like in
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Fig. 4: The changes in peak area values for BRBIXa, BVDIXa, Products 1&2 (the peaks at tye(.: 12.27, 3.36, 1.90 & 2.45 min, respectively, from Fig. 2A) for different irradiation
time periods (ti;.) — e.g. dynamic plots (A, B, C&D, respectively). The dynamic plots A, B&D are based on the data from DAD chromatograms at 446, 370 & 405 nm, e.g.
absorption maximums for BRB, BVD & Product 2, respectively. On the other hand, the dynamic plot of Product 1 represents changes in the corresponding peak area taken

from ESI-MS-data at m/z 333 (C).

Pharmazie 70 (2015)

227



ORIGINAL ARTICLES

water and methanol, which makes BRB less soluble in these
two solvents. That is why we added NH,OH, making pH more
basic (pH =8.8), allowing BRB dissolution and its transforma-
tion from a “folded” to a linear shape (Fig. 1A).

Bilirubin photooxidation in solution have been intensively inves-
tigated in the 1970s. Thus, Lightner and Quistad (1972a)
examined BRB photochemistry in oxygenated methanolic-
ammonia solution irradiated for 12h (short-term irradiation)
with medium pressure mercury lamp (100 W) and observed
formation of biliverdin as major product; they also isolated
monopyrrole methylvinylmaleimide. In an additional study
(Lightner and Quistad 1972b), by using 500W tungsten-
halogen light as the source of irradiation for 36 h, they isolated
and identified monopyrrole hematinic acid and two isomeric
dipyrrole-type propentdyopents as methyl esters by their mass,
NMR and electronic spectra. On the other hand, Bonnett
and Stewart (1972a) irradiated the same sample (methanolic-
ammonia solution of bilirubin) for less than 24 h with visible
light (2 x 500 W) and discovered that very little biliverdin was
produced, but a complex mixture of other products comprising
methylvinylmaleimid (minor) and methanol-propentdyopent
dipyrrole adduct (major) —in the form of one of the three possible
positional isomers, characterized by its mass, NMR and elec-
tronic spectrum. All products mentioned above (among many
others) appear during extended daylight irradiation (500 days)
of bilirubin in chloroform (Gray et al. 1972). So, one may con-
clude that the use of different emitting power sources for various
periods of prolonged irradiation (applied on BRB in solution)
revealed not only biliverdin as the apparent product but also
mono- and dipyrroles products resulting from cleavage of the
original BRB molecules.

It is noteworthy to underline that yield of biliverdin obtained
from BRB photooxidation depends on the solvent (more BVD
is formed in chloroform than in methanol indicating a possi-
ble free radical oxidation mechanism) and BRB concentration
(higher concentrations yield more BVD) (Lightner et al. 1973).
Biliverdin was suggested not to be the principal precursor of
BRB photoproducts formed in protic solvents as suggested
thought (Gray et al. 1972), but it rather decomposes to the
same products as bilirubin, including methylvinylmaleimid,
hematinic acid and one of the isomeric metoxy propentdyopent
(Lightner 1974; Lightner and Crandall 1972).

Following light absorption BRB undergoes non-radiative inter-
system crossing from the excited singlet state, reaching the
excited, longer-lived triplet state which — in the presence of
oxygen — can be quenched by triplet (ground state) oxygen
(30») producing very reactive singlet oxygen — 'O, (Lightner
1977). McDonagh (1971) has shown that BRB can sensitize
its own (photo)oxidation (self-sensitation); BRB degradation
rate increases in the presence of singlet oxygen sensitizers (e.g.
methylene blue, Rose bengal etc.) and decreases in the pres-
ence of a singlet oxygen trap (2,5-dimethylfuran), and quenchers
of singlet oxygen (e.g. B-carotene, DABCO etc.) (McDonagh
1971; Foote and Ching 1975). In other words, bilirubin is a
10, sensitizer (in the Type II mechanism — not including free
radicals (Girotti 2001)), although an inefficient one, because it
can lose the photoexcitation energy by isomerization and other
radiationless processes (Bonnett and Stewart 1972b; McDonagh
2011).

The following main compounds were detected in this work
after continuous UV-B irradiation of bilirubin in MeOH solu-
tion (given in order of increasing retention time, f,. , and labeled
as in Fig. 2A): Product 1, at m/z 333 (tye. = 1.90 min); Product
2, at m/z 299, with a t =2.45 min; Product 3, at m/z 583 —
three distinct isomers of biliverdin, with retention times of 3.09,
3.36 & 3.51 min (marked as peaks No.3', 3, and 3’, respec-
tively); and the three isomers of bilirubin eluted at 11.55, 12.27
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and 13 min (peaks No.4', 4, 4”). The MS/MS mass spectra of
bilirubin and its UV-B-induced products (from chromatogram
in Fig. 2A), showed the expected [M+H]* (e.g. protonated)
molecular ions at m/z 585, 583, 333, and 299, respectively
(Fig. 3A-D). The most abundant fragment ions in positive mode
ESI-MS/MS spectra of different bilin pigments usually origi-
nate from fragmentation, a cleavage of the tetrapyrrole structure
central position (see Fig. 1A-B), to give a prominent dipyrrole
production (Lim 2009). In this work, protonated BRB molecular
ion ([M +H]* - m/z 585) yields a most intense product ion at m/z
299 resulting from a cleavage of the central methylene bridge
(Fig. 3A) — as proposed by Quinn et al. (2012) in Tandem MS
experiments; the same stands for protonated biliverdin (Prod.3:
[M+H]* - m/z 583) that yields most intense ion at m/z 297 in
the analogues manner (Fig. 3B), through elimination of frag-
ment of 286 mass units. The ions m/z 299 (in the case of BRB)
and m/z 297 (in the case of BVD) were further fragmented by
the loss of CO fragment (28 mass units) to give ions at m/z 271
and 269, respectively (Fig. 3A-B), which is in accordance with
the report of Lim (2009). On the other hand, the MS/MS spec-
tra of the Prod.1&2 (Fig. 3C&D, respectively) showed different
fragmentation patterns implicating their different structures. The
MS/MS spectrum of the Product 1 (with [M +H]* at m/z 333,
with the proposed structure next to it (Fig. 3C) — which is one
of the 4 possible cited isomers (Lightner 1977) yields a promi-
nent fragment-ion at m/z 301, resulting from a loss of 32 mass
units ((MH-32]* - IMH-CH3O0-H]"). The Product 2 (m/z 299) —
with the proposed structure next to the molecular ion as shown
in Fig. 3D - has been already seen in solutions of chemically
degraded bilirubin with H,O, and Fe-EDTA in the dark and
aerobic conditions (De Matteis et al. 2006) and has also been
described as a fragment-ion in EI-MS study done by Jackson
et al. (1967); the latter authors suggested its dipyrrolic structure
arising from fragmentation at the central methylene bridge, the
weakest point in the BRB molecule (Fig. 1A). The MS/MS spec-
trum of Prod.2 shows fragment-ions at m/z 271 (the loss of CO,
i.e. 28 mass units), the m/z 254 peak (loss of additional 17 units
- probably from OH-group), and the peak at m/z 225, resulting
from additional loss of 29 units, which is in accordance with
proposed structure (Fig. 3D).

One should add that De Matteis et al. (2006) also detected the m/z
333 fragment but proposed another dipyrrole type of structure.
The same was done by Abu-Bakar et al. (2012) who investigated
BRB metabolism by human cytochrome 450. However, neither
of the two BRB studies was dealing with photoirradiation but
with chemical or enzymatic oxidations.

Looking at the structure of the proposed degradation prod-
ucts (/&2) it is not possible to offer a reliable picture of the
involving mechanisms. However, it looks reasonable to sup-
pose that degradation pathway leading to Product 1 could be
probably related to BRB self-sensitized degradation via sin-
glet oxygen formation: after the presumed methylene bridge
cleavage Product I contains two more oxygen atoms in the sys-
tem (see Fig. 3C); with Product 2 this is not the case, in the
rearranged (BVD-originated) fragment there are no supporting
proofs (Fig. 3D). So, it may be concluded that BRB degra-
dation in MeOH, e.g. photooxidation, could be at least partly
self-sensitized.

While the recorded MS/MS spectra were helpful for elucida-
tion of the dipyrrolic structures of the UV-B-induced products,
to get at least some more insight into mechanisms leading to
dipyrrolic structures shown in Fig. 3C-D one should look to
dynamic plots shown in Fig. 4A-D. The plot in Fig. 4A, obtained
by integration of the chromatogram peak(s) No.4 from Fig. 2A
— that belongs to the “central” BRB isomer — for different UV-B
irradiation periods, clearly shows decrease of the BRB concen-
tration with the length of irradiation in the 35 min period. The
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decrease is sharp and looks linear in the first 20 min, followed by
a smoother decline up to the end. When this plot is compared on
the same (UV-B irradiation) time scale to dynamics plots shown
in Fig. 4B, C & D, representing change of concentrations of
Prod.3, 1&2 — corresponding to the chromatogram peaks No. 3,
1 & 2 from Fig. 2A — it is evident that sharp decrease of BRB is
synchronized with increase of the products concentration in the
same period. The Product 1 expresses an exponential type of rise
finishing with an almost plateau point for t;;; =20 min (Fig. 4C);
the Product 2 shows a much sharper, linear type of rise, reaching
top point in the first 20 irradiation minutes, followed by a con-
sequent decline (Fig. 4D); finally, the Product 3, e.g. biliverdin,
the only compound that exists in the pre-illuminated solution
besides BRB itself, clearly shows the pattern very similar to the
one of the Product 2 with a small difference: the top point is
now slightly shifted at tj, =25 min (Fig. 4B).

Few conclusions can be drawn from this stuff and the recorded
MS/MS spectra. First, it is evident that formation of the
dipyrrolic Product I (m/z333) might be related to BRB degrada-
tion, though it has not been recorded in the BRB MS/MS spectra;
otherwise it could be difficult to explain synchronicity between
the two dynamic plots (Fig. 4A&C). Second, it looks undoubtful
that the Product 2 originates directly from BRB; there is direct
proof in the BRB MS/MS spectrum (Fig. 3A), and the degree
of synchronicity between the two dynamic plots is conceiving
(Fig. 4A&D). Finally, dynamic behavior of biliverdin (shown
in Fig. 4B) should put some light on BVD role during (UV-
B-induced) BRB degradation. There is a report suggesting that
BVD is an intermediate step (e.g. precursor) leading to monopy-
rrolic degradation products (Gray et al. 1972); on the other hand,
there were reports in the 1970’s suggesting that BVD has its
own degradation pattern, leading also to the monopyrrolic and
dipyrrolic degradation products, independent of the BRB degra-
dation pathway (Lightner 1974; Lightner and Crandall 1972). At
least based on the experiments done in this work, neither of these
two presumptions looks conceivable. The BVD rise (Fig. 4B)
could be related to BRB degradation, but it is hard to see its
precursor role: the dynamic plot pattern is similar or the same
as for the Products 1&2 on the same irradiation time scale. For
the same reasons it is not possible to see supporting evidence
for the second presumption. Any other possible, alternative and
independent BVD degradation pathway(s) cannot be postulated
based on these experiments, which does not mean necessarily
that it cannot emerge under at least slightly changed experimen-
tal conditions (change of UV-B intensity, UV-irradiation from
the other range (for example, UV-A) combined with longer or
shorter irradiation periods etc.). It should be also added that sim-
ilar type of BRB-degradation products (like those obtained in
this work) have also been obtained under non-irradiation con-
ditions, using hydrogen peroxide for oxidation (Wurster et al.
2008), or diazonium salts (Kufer and Scheer 1983).

Anaerobic photodegradation of BRB has not been investigated
in this work, having in mind that it would possibly imply a very
different, probably a type I — sensitizing mechanism. There are
reports about visible light induced appearance of geometrical
i.e. configurational BRB photoisomers under mild irradiation
conditions (Itoh et al. 1999; Yasuda et al. 2001).

At the end it is necessary to say that dipyrrole compounds
similar to those found in this work have been detected in the
urine of jaundiced neonates receiving phototherapy for hyper-
bilirubinemia (Lightner et al. 1984). The authors used HPLC
chromatography for detection of the obtained products; one of
the 8 detected compounds is in fact an isomer of Product 1. This
is the proof that at least some of the obtained photoproducts were
the result of photochemical degradation, e.g. photooxidation (as
in this work). This is very important because phototherapy is a
method of treatment of pathological jaundice that is manifested
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by higher BRB concentrations in the skin (Dennery et al. 2001).
It consists in the application of 400-500 nm light (BRB maximal
absorption range) on subcutaneous skin layers (i.e. epidermis
which transforms toxic BRB into its conjugated hydrosoluble
form (De Carvalho 2001). Phototherapy leads to a decrease of
BRB in blood serum by two possible mechanisms, photoisomer-
ization and photooxidation (de Araujo et al. 1996). The former
one is faster and converts BRB into a hydrosoluble isomer, while
the latter one is much slower and leads to BRB degradation. The
relative contribution of the two mechanisms to BRB elimina-
tion is not known, though some in vitro and in vivo studies are
prefesing photoisomerization (McDonagh and Lightner 1985).
This gives a biomedical impact to the study presented in this
work despite the fact that the experiments have been done in
much simpler, e.g. the simplest possible system, and with much
more energetic light (UV-B compared to visible light used in
phototherapy). Photooxidation is reported as a minor process
in vivo, compared to photoisomerization, but it definitely exists
and the created dipyrroles are kidney-excretable (McDonagh
1985). Probably future studies with combined in vitro and in vivo
research on BRB degradation, that include both UV and visible
light, could possibly assemble more arguments for the mecha-
nisms involved.

4. Experimental

4.1. Sample preparation

A stock solution was prepared by dissolving 20 mg of bilirubin (Sigma
Aldrich, Germany) in 1.5 ml of ammonium hydroxide (25%), then methanol
(LC-MS grade, Baker Netherlands) was added to the final 5 ml. Bilirubin
solutions were made from stock solutions freshly and stored at 4 °C until
their use, protected from light with aluminum foil (to avoid any photo-
chemical changes). The concentration of bilirubin was 0.1 mM in the final
methanol solutions ready for use. All experiments were done at room tem-
perature.

4.2. UV-Irradiation treatment

Continuous UV-irradiation of the bilirubin samples in methanol (in aero-
bic room-conditions) was performed in a cylindrical photochemical reactor
“Rayonnet”, with 10 symmetrically placed lamps with emission maximum
at 300 nm (UV-B). The samples were irradiated in quartz closed cuvettes
(1 x 1 x4.5cm) placed on a rotating circular holder. The total measured
energy flux was 15.0 W/m? for 300 nm lamps at 10 cm distance.

4.3. Ultra high performance liquid chromatography — diode array —
electrospray ionization mass spectrometry analysis

The liquid chromatography (UHPLC) runs were carried out using a Dionex
Ultimate 3000 UHPLC + system equipped with a diode array (DAD) detec-
tor and also connected with LCQ Fleet Ion Trap Mass Spectrometer, Thermo
Fisher Scientific, USA. The separations were performed on a Hypersil gold
aQ C18 column (150 x 3 mm, 3 pm) of the same producer, at 25 °C. The
small 3 wm particles have been for the first time employed for this purpose,
because almost all other HPLC-MS studies dealing with BRB have been
employing the bigger particles (De Matteis et al. 2006; Wurster et al. 2008;
Lim 2009; Pirone et al. 2010). The mobile phase consisted of (A) 0.1%
formic acid in water and (B) 0,1% formic acid in methanol. A next linear
gradient program at flow rate of 0.500 ml/min has been applied: 70% to 85%
(B) for first three minutes, then 85% to 100% (B) for 3'4-4™ min, followed by
isocratic 100% (B) from 4-14 min and 100% to 70% (B) from 14-14.2 min,
and finally the isocratic run with 70% (B) to 15" min. The injection volume
was 0.7 pl.

Absorption UV-VIS spectra were recorded on a DAD-detector (with total
spectral range between 200 nm and 800 nm), set at four detection wave-
lengths, Ager., 280nm (for dypyrroles detection), 450 nm (close to BRB
absorption maximum, Amax), 370nm and 650nm (BVD Ap,x), simul-
taneously. MS-Analysis was performed using a LCQ 3D-ion trap mass
spectrometer with electrospray ionization (ESI) in positive ion mode. The
ESI-source parameters were chosen by adjustment of those reported by
Pirone etal. (2010) — who did HPLC/ESI-MS experiments on BRB extracted
from a plant — and set as follows: source voltage 4.5kV, capillary voltage
22V, tube lens voltage 65V, capillary temperature 250 °C, sheath and aux-
iliary gas flow (N2) 60 and 5 (arbitrary units), respectively. MS-spectra
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were obtained by full range acquisition of m/z 100-1000. For fragmentation
study (MS/MS), a data dependent scan was performed by deploying the
collision—induced dissociation (CID). The normalized collision energy of
the CID cell was set at 12 and 15eV.

All solvents used in the experiments were of HPLC or LC-MS grade.
Methanol and water used in UHPLC-MS experiments (LC-MS grade) were
purchased from Baker Netherlands and Fisher Scientific UK, respectively.
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