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The interaction between naproxen and N-acetyl-L-tyrosine
ethyl ester was investigated using UV-Vis absorption and fluorescence
methods and the results indicate that an interaction is present in the
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ground state. Hydrogen bond formation between these two
molecules in complexation was illustrated by the computer
optimised complex. This theory was supported by the increased
fluorescence lifetime decay observed, the Gibbs free energy for
complexation and also by the geometry of the complex.

1. Introduction

Naproxen, S(+)6-methoxy-B-methyl-2-napthalene acetyl acid (fig. 1), is
a non-steroidal anti-inflammatory agent of the family of arylpropionic acids,
with anti-inflammatory, analgesic, and anti-pyretic properties often used in the
treatment of rheumatic and arthritic disease [1]. All of the drugs from this
pharmacological group inhibit the cyclo-oxygenase enzyme by binding to the
enzyme active site and presumably blocking access of the substrate to Tyr-385 [2].
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Fig. 1. The chemical structure of S-naproxen

N-acetyl-L-tyrosine ethyl ester (ATEE) (fig. 2) is used here to represent the
amino acid tyrosine. In peptides, only the phenol group is available for
interaction as the carboxyl and amino groups are involved in peptide bonds.
Tyrosine is therefore esterified to ATEE, in which the only free group for
interaction is also the phenol group.
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Fig. 2. The chemical structure of ATEE

The UV-Vis spectrum of naproxen in phosphate buffered saline (PBS),
described by Moore et al, shows four absorption bands with maxima at 230nm,
270nm, 320nm, and 330nm. The emission spectra of naproxen in PBS at room
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temperature shows maxima at 355nm, and the calculated fluorescence quantum
yield (®g) is 0.40 [3].

The UV absorption spectra of ATEE in water, measured by Ali et al, shows
two peaks with maxima at 230nm and 275nm [4]. The fluorescence emission
spectra of ATEE solution shows a maximum at 301nm, with excitation at
280nm, as described by Nevin et al [5].

Naproxen has been shown to photosensitize single stranded break in double
stranded, supercoiled DNA in vitro , and was therefore chosen for this
experiment due to its possible use as an inhibitory agent for some enzymes,
including topoisomerases [6]. Topoisomerases form an intermediate between
the phosphoryl group of the DNA backbone and the tyrosine of the enzyme
active site, and are therefore important for DNA replication, which is augmented
in cancer pathology [7]. It is hoped that this inhibitory process will occur on
interaction with tyrosine, which is an amino acid important in many enzymes,
including topoisomerase I. The anticipated complex formed between naproxen
and tyrosine should result in inhibition. The suggested complex between these
molecules involves the carboxyl group of naproxen and phenol group of ATEE,
and if this occurs, it would facilitate the possible use of naproxen in
photodynamic therapy in cancer treatment.

The aim of this investigation is to find if there is any interaction between
naproxen and N-acetyl-L-tyrosine ethyl ester (ATEE), in the ground and excited
states. We have applied a photophysical approach for studying the specific
interaction between these two molecules. The methodology we used in our
investigation is UV absorption spectroscopy, steady state fluorescence
spectroscopy, and time-resolved fluorescence spectroscopy.

2. Experimental Details
2.1. Materials

Naproxen and N-acetyl-L-tyrosine ethyl ester (ATEE), produced by Sigma
were used in the experiment, and were dissolved in 0.1M phosphate buffer (pH
7.0). All reagents were at least analytical grade and were used without further
purification.

2.2. Methods

Absorption measurements were obtained using a Nicolet Evolution 300 UV-
Vis spectrophotometer (resolution 1nm; A range 0-6) from Thermo Electron
Corporation.
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Steady-state fluorescence measurements were made using spectrofluorometer
Fluoromax-2 (2000 signals/noise) from Jobin Yvon-Spex. Solutions were placed
into a 10mm stoppered quartz cuvette and temperature was kept constant at
27°C. Titrations were made with a constant ATEE concentration while varying
the concentration of naproxen.

Kinetics of the fluorescence decay were measured using a time-resolved
fluorometer (Edinburgh Instruments OB-920) using a pulsed nanosecond
nitrogen lamp as an excitation source and temperature was again constant at
27°C.The decay curves were analyzed using F 900 Spectrometer Software.

The complex structure between naproxen and ATEE was optimized with the
program Gaussian 3.0, firstly utilizing the method Universal Force Field (UFF)
[8] and then with AM1 [9]. S-naproxen was used in the complex optimization.

3. Results and Discussion

3.1. Experimental Results

3.1.1. UV

In fig. 3 the spectrum for ATEE shows a maximum at 275nm which
corresponds with the literature value [4]. Naproxen shows four peaks with
maxima 262nm, 271nm, 317nm and 330nm. The peak at 262nm differs from
the literature values which do not include this maximum [3].

Absorbance

0.05 —/\‘

250 260 270 280 290 300 310 320 330 340 350 360 370 380

Wavelength / nm

ATEE

NAPROXEN SUM (ATEE+ NAPR) MIXTURE ‘

Fig. 3. The absorption spectra of ATEE (5x10°M),
naproxen (5x10°M)and the mixture
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The mixture and the theoretical sum of the absorbances of ATEE and
naproxen show maxima at the same wavelengths but the absorbance of the
mixture in the tyrosine region (260-285nm) is lower than that of the theoretical
sum in comparison to the red end.

The observed difference between the UV spectral lines is not large
indicating that this technique has low sensitivity, therefore fluorescence
emission was employed to improve sensitivity.

3.1.2. Fluorescence

The steady state fluorescence emission spectra (fig. 4) obtained for ATEE
and naproxen show maxima at 303.5nm and 355nm respectively, which are
comparable with the literature values [3,5]. The fluorescence quantum yield of
the mixture (exc. 280nm) is lower than that of both ATEE and naproxen in the
regions of the maximal intensity. This gives an indication of some interaction
between naproxen and ATEE.
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Fig. 4. Emission spectra of ATEE, naproxen and complex (NAP+ATEE);
a magnification of the spectrum from 285-330nm can be seen in the insert
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Fig. 5. A plot of the maximum emission intensity of the complex at 355nm against
the concentration of naproxen, excitation 270nm

It can be seen from fig. 5 that the fluorescence quantum yield of the
complex increases with increasing naproxen concentration until a constant

intensity is reached, where all the ATEE (constant concentration, SXIO’SM) is
involved in complex formation so that no further complexes can be produced.

3.1.3. Stern-Volmer

22

y = 6358.8x + 1.0318
R®=0.989

[ 0.00002 0.00004 0.00006 0.00008 0.0001 0.00012 0.00014

Concentration (M)

Fig. 6. Stern-Volmer plot for ATEE fluorescence quenching
by naproxen ([ATEE] = 5x10°7° M)
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The quenching of ATEE fluorescence by naproxen is described by the
Stern-Volmer plot (fig. 6), and the relationship:

?’=(1+kq-10-[Q],~)-(1+K'[Q]o) (D

where: Fy  — fluorescence intensity in the absence of quencher (naproxen)

F;  — fluorescence intensity for changing concentration of quencher

ky — rate constant for quenching

Ty - lifetime of fluorescence decay of chromophore in the absence of
quencher

[Qli — concentration of free quencher

K —equilibrium constant for complex formation in ground state, in the

presence of quencher
[Q], — analytical concentration of quencher

The first bracket describes dynamic quenching and the second describes
static quenching. The straight line obtained in the Stern-Volmer plot is therefore
indicative of the presence of either purely static or dynamic quenching but it is
not possible to determine which occurred. Time resolved fluorescence
spectroscopy was therefore used to determine the decay times, thus enabling the
differentiation between the presence of static and dynamic quenching.

3.1.4. Time-resolved Fluorescence

The kinetics of the fluorescence decay of ATEE and the complex
(em. 302nm) are di-exponential, whereas the decay of naproxen and the complex
(em. 355nm) is mono-exponential. The 1, value for ATEE and the complex are
comparable. The 1, value of the complex (em. 302nm) is larger than that for
ATEE. This result is opposite to that expected if quenching occurs in the excited
state, therefore indicating that complex forms in the ground state. As dynamic
quenching can only occur in the excited state, it can be concluded from this
result that only static quenching is present so analysis hereafter will be
performed neglecting the former.
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Fig. 7. Fluorescence time decay for ATEE (5E-5M), naproxen (SE-5M)
and complex (ATEE+NAP)

Table 1
Fluorescence lifetime decays for ATEE, naproxen and complex em. 302nm
and 355nm, obtained from time resolved fluorescence spectroscopy

T T Average T
(ns) B, (ns) B, (ns)
ATEE 3.377 0.004 1.013 0.068 1.400
Complex, 4.683 0.003 0.997 0.071 1.607
em. 302nm
Naproxen 9.283 0.039 - - -
Complex,
em. 3550m 9.306 0.040 - - -
The first bracket of equation 1 can be omitted:
FO
o =0+x-[o]) @)
i

and the equilibrium constant, K attained from the slope of the Stern-Volmer plot.

This value is 6.36 x 10° M, and will be denoted as K.
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To compare the results from practical and theoretical, the K value from the
practical was recalculated using equation 3. The Stern-Volmer equation
describing K, assumes that the naproxen (quencher) concentration is much
greater than that of ATEE but this assumption does not hold for this experiment
as the concentrations are comparable so it was necessary to use equation 3.

The ratio F,/F; can be calculated from:

F, Cr

-0 _ 3
F, (c?-c,) ©

o
where: T — analytical concentration of ATEE

C  — concentration of complex

Because:

Fi=a'2'q)i'£i'ci 4)

where: o — apparatus factors
@;: — fluorescence quantum yield of i
€& — molar extinction coefficient of i
Ci — concentration of i

with the consideration that A< 0.1
F=a(®, & C,+®, -6, Cy+®, & -Cy) (5)
From the experimental conditions (Ae.=280nm, A.,,=302nm), it can be seen that:
®,=0 &,=0
In this case the equation for F; has the form:
F=a-®;-&-C; (6)

Under the equilibrium conditions, the concentration of free ATEE molecules is
less than the analytical value of the concentration of the complex so that
equation 6 has the form:

Fi=a'q)T'8T'(C;_CK) )
The intensity of fluorescence emission without naproxen is equal to:

F,=a-®-¢,-C; ®)
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Therefore the Stern-Volmer equation can be described with the formula:

F a- @ - -Co C;

[

F, a®,-¢ - (ci-c.) [ -c,)

14

€))

Because (7,) =(7, ) it can be concluded that
D, =D,
Therefore equation 3 has the form as it is written above.
From the definition of the equilibrium constant for the reaction:
ATEE + naproxen — complex
and the mass law, the following equation is obtained:
Cx
(C; —-Cy ) (Czov —-Cy )

The acceptable physical root of this equation gives Ck:

(10)

2
1 1 1
C, = (CZ +C7? +K)—\/(Cg +C? +KJ —-4cic? (11)

c’ and C° are the initial concentrations of ATEE and naproxen respectively,
N

calculated from the computer data, Ck is the concentration of the complex.
Ck from equation 11 can be substituted into equation 3 in order to calculate K.

The graph obtained by fitting the experimental data to equation 3 using the
Slidewrite program has a better fit than the Stern-Volmer plot (fig. 6).

The K value (K3) obtained is 6.05x10° M (Fig. 8).

From this K value, it is possible to calculate the Gibbs free energy:

K = exp(— IA'\'(I;’) (12)

where R is the universal gas constant and T is the absolute temperature (298K).

The calculation of AG with K; using a rearrangement of equation 12, gives
a value of —21.56KJ/mol.
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Fig. 8. Fitting graph for Stern-Volmer plot

3.2. Theoretical results

To calculate the theoretical AG, the computer data values were substituted
into equation 13.

AG =G, - (G, +G,) (13)

where AG is the Gibbs free energy, G is the free energy of the complex, Gy is
the free energy of naproxen, Gr is the free energy of ATEE.

The calculated theoretical AG is -30.456 KJ/mol. This value is similar to
literature values for hydrogen bonding (20 kJ/mol) [10]. The theoretical structure
was optimized in vacuum, neglecting the effect of solvation which occurred in
the experiment, and therefore resulting in the difference in values AG.

From this theoretical value of AG, K, was calculated using equation 12
giving a value of 2.19 x 10° M, which is higher than K; (6.05 x 10°M™) due to
the solvation effects previously discussed.

The distance in O-H--O in the optimized complex is 2.92 A, which is
comparable to the literature value of 2.8A [10]. The angle 1-4-2 is 149°, and not
linear due to disruption of the bond angle by oxygen 3. The angle of the
hydroxyl group in free ATEE is 107.9°, compared with 109.4° when in the
complex. A red shift in the frequency of the stretch vibration of the C-O bond in
the hydroxyl group of ATEE is observed from 1686.15cm™ in free ATEE to
1677.73cm™ when in the complex. This is characteristic for the formation of
a hydrogen bond.
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Fig. 9. The optimized structure of the complex between naproxen and ATEE

4. Conclusions

Both the theoretical (-30.456 KJ/mol) and experimental (-21.56KJ/mol) AG

values agree with the energy of formation of hydrogen bonds [10].
It has been shown that there is an interaction between naproxen and ATEE in the
ground state due to the small difference in absorbance values between the
complex and the sum of the absorbances of ATEE and naproxen, and to the
increase in fluorescence lifetime decay. The suggested complex structure
obtained from optimization is stabilized by hydrogen bonds and this theory is
supported by the increased 1, value, as it is known that hydrogen bond formation
can increase the fluorescence lifetime of a chromophore group [11].

The geometry of the optimized complex structure and the red shift in
hydrogen bond vibrations supports the proposed formation of hydrogen bonds in
complex formation between naproxen and ATEE.

It can therefore be concluded that naproxen and ATEE interact by hydrogen
bond formation.
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BADANIA ODDZIALYWAN POMIEDZY
NAPROXENEM I N-ACETYLOWYM ESTREM
ETYLOWYM L-TYROZYNY

Streszczenie

W pracy zbadano oddzialywania pomigdzy naproxenem i N-acetylowym
estrem etylowym L-tyrozyny metodami spektroskopii absorpcyjnej UV-Vis
i fluorescencyjnymi. Wyniki wskazuja na istnienie interakcji miedzy czasteczkami
w stanie podstawowym. Powstawanie wigzania wodorowego pomigdzy tymi
dwoma molekutami zobrazowane zostalo poprzez komputerowa optymalizacje
kompleksu. Teori¢ ta potwierdza wydtuzenie czasu zycia fluorescencji
kompleksu, energia kompleksowania Gibbsa oraz geometria czasteczki kompleksu.

Wydziat Biotechnologii i Nauk o Zywnoéci
Politechnika £.6dzka
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