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The flucrescence lifetimes of linear furocoumarin drugs and model compounds are reported in water, ethanol and
waterfethanol mixtures. In most cases more than one tifelime is observed and this is discussed in terms of complex and
excited-stare complex formation between the solvent and furan moiety of the drugs.

1. Introduction

Psoralens (linear furocoumarins — FC) especially
8-methoxypsoralen (8-MOP) ace used in the treatment
of various skin diseases including psoriasis [1] and
leukoderma [2]. Such treatment involves either top-
ical or oral application of psoralens plus UVA light
(320-400 nm) and is known as PUVA phototherapy
[3]. There has been considerable work on the lowest
excited triplet states of psoralens and parameters such
as triplet lifetimes, extinction coefficients, and quan-
tum yields ($1) have been reported in several solvents
[4—6]. However, there has been little reported work
on the first excited singlet state (S;) of these mole-
cules, yet it has been suggested that the formation of
the monoadduct between the thymine base of DNA
and psoralens (probably the first photochemical event
in PUVA phototherapy), occurs via the first excited
singlet state [7]. This Letter presents the first measure-
ments of the fluorescence lifetimes of 8-MOP,
S-methoxypsoralen (5-MOP), 5,8-dimethoxypsoralen
{5,8-DiIMOP), psoralen (Ps), 4"-aminomethyl4,5,8-
trimethylpsoralen hydrochloride (AMT) as well as the
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model compounds 7-hydroxycoumarin (7-HC} and
4,5"dimethyl-4' 5" dihydroangelicin, a substituted
coumarin (DMDHA), in the solvents water and eth-
ancl together with some observations in benzene, and
also reports the effect of thymine and tryptophan on
the Nuorescence lifetimes of AMT, Ps and 8-MOP in
water, Fig, 1 gives the structures of the molecules
studied in the present work.

2. Experimental

. The 8-MOP, Ps, L-tryptophan (tryp) and thymine
were obtained from Sigma, 5-MOP was a gift from
Professor Rodighiero, AMT was kindly donated by
Professor Hearst, $,8-DiMOP was kindly donated by
Dr. Poh-Agin. The 7-HC and DMDHA were synthesised
by standard procedures. The solvents were all of spec-
troscopic grade snd the water was distilied prior to use.

The absorption spectra were taken using a Perkin—
Elmer 554 UV-VIS spectrophotometer with 2 nm stit
and matched quartz cuvettes of 1 cm optical pathway.
The emission spectra under excitation at 364 nm were
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[Fig. 1, Structures of the lincar furocoumarins and model com-
pounds investigated.

measured using a Perkin—Elmer 65040 spectiofluo-
rometer with 5 om slits in both the excitation and the
obscrvation monochromators. The emission spectra
were 1ot corrected for the speetral response of either
the monochromator ner the photomubtiplicr.

The pulscd excitation ut 364 nm for the time-
resolved fluorescence experiinents was provided by a
Coherent CR-18 mode-locked argon laser with an
acoustu-optic pulse picker un the output beam to re-
duce the laser pulse repetition rate to 800 kllz,

The solution to be measured was contained ina |
em pathway quartz cuvette and the fluorescence was
detected at 90 degrees through a Kodak Wratten no. 4
cut-off filter using the single-photen tuning apparatus
described [8]. To increase the data sequisition rate,
the excitation pulse and the fluorescence photons were
made to provide the stop and the start signals, respec-
tively, to the time-to-amplitude converter. The fwhm
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duration of the excitation pulse as detected by s
apparatus was 240 ps at 364 nnw

The experimental Muorescence decay curves were
then transterred to 5 Tektronix 4031 graphic system
for processing and plotting. The experimental cupves
were fitted by the sum ol up to three exponzitial de-
cay components using & non-linear least-squeres pro-
aram on @ PDP 11/23 computer. Typical data showing
log plots of the experimental fluvrescence decay, .in-
ear plots of the weighted residuals and suto-zorrela-
tion of the residuals, are shown in figs. 2 and 3 tor
pswralen in water and ethanel, respectively.

Fluorescence emission and excitation speeira were
measured on a Perkin -Elmer MPF/44A spectrofluo-

rometer incorporating the low-lemperature zt-achment.

In {countsl
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Fig. 2. Logarithmic plot of the tluorescence decey of psoralen

in water versus time. The weighted residuals (bo-tom} and
their autocorrelation function (inset) are also shown.
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Fig. 3. Logarithmic plot of the fluorescence decay of psoralen

in ethanol versus time. The weighted residuals (bottom) and
their zutocorretation function are also shown.
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3. Results

Photobinlogical work has often involved water [6],
small percentages of ethanol in water {9} or phosphate
buffer [10] as solvents and our preliminary work con-
sidered the effect of these “similar’” environments. In
al] cases no effect on the fluorescence data was obtained
by these minor solvent variations.

Tables 1 and 2 repost the photophysical data for
(he EC and models studied in water and ethanol respec-
tively. In addition table 3 reports such data for psoralen
itself. in varying waterfethanol mixtures.

As can be seen Ps. 8-MOP and 5.8-DiMOP atl have
three fifetimes in ethanol and only two (7 = 4.5
+0.5nsand 73 = 0.9 + 0.1 ns)in water where the
very short-lived (73 22 0.2--0.3 ns) component is 1o
longer evident even though it is the predominant spe-
cies (=70-90%) in ethanol. However, 5-MOP shows
rather complex behaviour in that the three compo-
nents in water with the short-lived species predom-
inant become a single long-lived component (=~3--4 ns)
in ethanol. AMT has two components (7 and 73)
both in ethanol and water with the 75 (=] ns) pre-
dominant. The two modet compounds 7-HC and
DMDHA show similar behaviour both having only
the long-lived (7, = 4.5 ns) component in water. In
cthanol the single fluorescence lifetime for 7-HC is
quite similar to that of water. However for DMDHA
in water the single 7 is changed to two components
with 75 (=1.7 ns) being predominant.

We have not studied the FC molecules in detail i
benzene but our preliminary results for these mole-

Table 1

Fluorsscence decay time constants (v, 72 73} and relative initial amplitudes (Py, 5, Pa) of linear furocoumarins and models

in warer 3
Molecule 71 (n$) Py (%) 12 (nS) Py(%) 73(ns) Pal%)
1-HC 5.26 100 - 0 - 0
DMDHA 4.24 100 - 0 - 0]
Ps 4.08 4.6 0.89 95.4 - 0
8-MOP 399 3.2 1.06 96.8 - Q
5-MOP 5.44 14.8 1.32 9.2 0.43 76.
5/8-DiMOP 4.91 439 0.82 56.1 - g
AMT 4.1 4.5 1.73 95.5 - 0

8 Concentration ~107% dm? moi™! except AMT (2.8 X 107% dm? mol '),

331



Volume T member 3

Falve 2

CUFEMICAL PHYSICS LETTERS

1 Maret 1985

Fluoreseenue decay time vonstants (rq 024, 740 and relative initial amplitides (40 250 P31 of inear furocouniarins and mode s in

el @

Malecule 71 ) Pyt
THE 4.3 {1
PYMIA 4.28 5.5
I's Al 8.4
A-MOP th.95 5.9
A-MOP 148 100
S{8 M Op 58 k|
AM 403 27
A Coneenttions ¢« 33 % 1075 din® o'

Table 3

Ta Lnsh Py T3 A0t i

no-a

) i

(1 94,5 - "

2 5.2 .20 6.4
82 2310 (a1l 71
{ 4

18 1.6 0.43 853

A8 97.3 4]

Iuoresvence deciy ime conslants (L 75, 1) and relative initial aonplitudes 'y Py P30 for the molecude psoralen in ethansl;

water mistrres

Fihanal(’ ) Ty ins) Py
1o 4.0 K4
80 4,54 5.7
s 4.9 1.9
40 s 1.6
33 R 23
3n 4,74 4.6
20 433 7.3
15 433 4.7
10 4.3 17.1
5 443 5.8
| 411 33

1] 4.08 4.4

cules show only two components in this solvent.

The interaction of psoralen triplet stutes with
DNA bases such as thymine and also with amine scids
such as tryptophan have previously been reparted and
the rather fast (=108 10% dm¥ mo] ! s b quench-
ing rate constant interpreted in tenms of electron trans-
fer processes [11]. Te investigate the possibility of
such interactions with Sy state of I°C molecules, we
have studied the effect of tryptophan and thymine on
the fluorescence lifetimes of 8-MOP, Ps and AMT i
water and the results show that for tryptophan and
thymine concentrations in the region of 19 x 10 2
mol dm-~ 3 there was no appreciable increase in the
fluorescence decay rates of the three FC molecules
studied.

1.38
1.3]
118
17
(.86
(.82
.84
(LR35
.48

Tyinsd Pa00) Ta(ns) Pylfr)
5.2 0,20 864
9 0.27 853
8.5 042 89.6
24.2 044 632
313 042 66.4
48,7 .45 46 7
927 U]
85.3 - t
82.9 t
0.9 94.2 53
0.91 94.7 - 0
0.89 935.4 8]

4. Discussion

The abservation of 3 and 2 fluorescence lifctimes
of the several FC studied in both ethanol ar¢ waer
tespectively (except for 5-MOP) is somewhzt surpris-
ing since emission solely from the lowest excited sin-
glet state is normally expected. A reasonable expLana-
tion is that the coumarin emits and that the benzafuran
(or furan} forms a solveat exciplex whick zlso errits.
In addition in ethanol as solvent, some type of ground-
state complex is formed which gives rise to the tlird
cemponent in this solvent. In an attempt to confirm
such specuiations we report the flugrescence emission
ol two coumarins, 7-HC and DMDIIA, in bath EtON1
and H,0 and, as can be seen, a single emission s -3b-
served for both coumarins in water and for 7-HC in

Volume §_4, number 3

cthanol. We therelore suggest that this enuission is
speciticaly associated with the conmaris part of the
maolecule and that the other short Iifethineds) in water
and cthanol for the FC is associated with the furan
ring presumably via solvent complex formation. In a
further atlempt to assign the two remaining fluores-
cenee lifetimes in EtOH and one in H50, we report

in table 3 the fluosescence lifetimes of the parent FC,
psoralen, in E1OH/water mixtures. As can be seen, the
amount of the very short compenent {74) decreases
with dec-zasing EtOH concentration and Tlalls te zero
at about 20% or below. Thus we suggest that the 74
component is associated with some henzofuran—
ethanol complex, such a suggestion being consistent
with our preliminary observation of only two fluores-
cence dezays of FC in benzene solutioa.

In a further attempt to interpret the observation
of more than one fluorescence lifetime we have mea-
suzed the fluorescence emission spectra of psoralen in
ethanol zlone, as a function of exciting wavelength at
liquid nizogen temperature (77 K). in gencral exciting
at less thzn 300 nm gave rise to an emission peak at
#2395 nm, while excitation wavelengths greater than
310 nm gave rise to additional peaks at 456 and 490
. We believe the latter observations imply we are
sclectivelv exciting the lowest excited singlet with the
longer wavelength excitation which is at least consis-
tent with the above suggestions. This effect can also
be observed by monitoring the fluorescence excitation
spectra cf psoralen in ethanol at liquid nitrogen tem-
perature. Thus with the emission wavelength at 395
nm the excitation spectra show a main band at 290
nm while with the emission wavelength set at 456 or
490 nin the excitation spectra show a main band at
#2335 nm.

It is of interest to speculate on the possible photo-
biologicz] consequences of our observation of more
than one fluorescence-emitting species. The question
immediately arises as to whether photobinding to
DNA involves one or both of such species. Thus, for
example, if photobinding involves short-wavelength
excitation and if triplet formation invelves longer-
waveleng-h excitation (54 —+ ), then there would be
advantages in avoiding the excitation Sy = 8| because
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no therapeutic value arises and possible damage via sin-
glet oxygen could occur from the tripiet state gener-
ated via 5y. That is, this assumption would suggest
that it would be worth investigating using the shorter
region of wavelengths of UVA for PUVA, say <350
nm, so as 1o substantially avoid 8 (and hence T )
formation.

In future work we intend to obtain fluorescence
lifetimes for angular furocoumarins and investigate
the effect of DNA and HSA on such tifetimes.
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