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Abstract. This is a review about exposure of drugs solutions to uncoherent and laser radiation in
order to induce changes in drugs’ molecules and to generate photoproducts that alone or in mixtures
have photo-enhanced activity. This could be a way to combat the failure of treatments when
multidrug resistance is acquired by microorganisms or tumors. The structural modifications induced
by optical radiation on cytostatic compounds were explored by optical absorption, fluorescence, and
Fourier transform infrared spectroscopy. Results on 5-flurouracil, alongside with a new synthesized
pyridine derivative (BG1120) are detailed. The effects of photoproducts mixtures on induced
pseudotumors in rabbit eyes were estimated with respect to the effects on unirradiated compounds.
The irradiation of the eye conjunctiva in which was injected unirradiated parent compound appeared
to be more efficient in tumor’s remission than the simple treatment of the eye with unirradiated
compound, only. The increase of tumor cells membrane permeability may be responsible for the
obtained practical results.
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1. INTRODUCTION

Multidrug resistance (MDR) to chemotherapy is the main circumstance that causes failure of many
cancer treatment schemes. Commonly, tumors are composed of mixed cells; some of them are drug-sensitive
while others are resistant. Whereas in the first instance chemotherapy destroys the drug-sensitive cells, an
important part out of resistant ones can remain active and residual tumors will withstand to treatment [1].
Under these circumstances, it is necessary to further find alternatives to existing drugs or treatment schemes.
One of the methods that seems to be efficient in the enhancement of antitumor compounds effects is its use in
combination with optical radiation [2, 3]. Once excited by absorbing optical radiation of suitable wavelength,
photosensitive molecules can be deactivated via fluorescence emission, chemical photoreactions, generation
of reactive oxygen species (ROS) — singlet oxygen, and free radicals. These processes can be used in
development of alternative therapies for cancer [4-6]. Other phenomena that result from laser radiation
interaction with tissues determining an antitumor effect are related to interstitial hyperthermia [7].
Photothermal therapy associated with chemotherapy might be another way to increase efficacy in tumor
treatment. Furthermore, chemotherapeutics can be delivered to targets by functionalized nanoparticles, such
as gold nanoparticles, which can induce photothermal effects in cancer cells [8].

The pulsed laser radiation mechanism of action to assist the chemotherapeutics administration in
cancer treatment was lately explained by the effect of lasers on the microfluidic properties of tumor cells.
There are theories showing that pulsed laser radiation induces changes of cell membrane and forces it to
admit the antitumor drug by convection. If sent directly on the tissue, a laser beam is supposed to produce
water nanolayers in the cells, which favor the drug convection through the membranes [9-12].
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In order to overcome MDR, the modern drug discovery process aims to develop new pharmacologically
active molecules and to increase their affinity, selectivity, efficacy, metabolic stability, and oral bioavailability. An
important role in fighting MDR is played by the synthesis, characterization, and evaluation of novel formulation
of compounds in order to find more effective, biologically active drug candidates [13-18].

In the context of using light in combination with new or existing drugs for enhancing their therapeutic
effects, this report is a synthesis of authors’ experience on the usage of optical radiation to induce
photoreactions in medicines and to generate new photoproducts with photo-enhanced activity. Out of the
investigated drugs, antibiotics, and cytostatics were often considered, since they are already widely used in
the treatment of proliferative processes [19-21]. Other classes of new synthesized compounds like
anthracycline, pyridine, quinazoline, phenothiazine and hydantoin derivatives were investigated. They do not
have necessarily anticancer or antibacterial effects by themselves, but may generate photoproducts during
exposure to incoherent or coherent optical radiation, which may be active compounds against
(pseudo)tumors [13, 14, 22-31].

In this paper is considered 5-flurouracil (5-FU), one of the most used cytostatics, and a new
synthesized molecule that belongs to pyridine series, named as BG1120, or 4,5 bis [thio(2-N-N-
diethylaminoethyl)], 9methyl 1,8-diazantracene (C,1H,sN4S;). 5-FU belongs to the pyrimidine class of
antimetabolites that is used in treatment of tumors [32, 33]. On the other side, due to its azaheterocyclic
component, BG1120 is considered to have important benefits as antitumor, antifungal, and antibacterial drug
candidate [34, 35].

The modifications induced by optical radiation in the studied compounds were investigated by analytical
methods: optical absorption, emission (fluorescence), and Fourier Transformed InfraRed (FTIR) spectroscopy.
The effects of the optical beams irradiation on pseudotumors induced on rabbit eyes injected with 5-FU/BG1120
were estimated relative to unirradiated rabbit eyes pseudotumors treated with the same drugs. Preclinical tests
have shown that exposure to UV beams of “infected” rabbit eyes treated with aqueous solutions of selected
compounds diminished the inflammation and the neovascularization in the conjunctival tissue.

2. RESULTS AND DISCUSSIONS

2.1. ABSORPTION SPECTROSCOPY

For 5-FU (Sindan, ROU), 10* M solutions in natural saline (0.9% NaCl) adjusted to pH = 8.4 were
prepared for investigations. The effect of optical radiation on these solutions was estimated by exposing
them to laser radiation provided by a N, pulsed laser with emission at 337.1 nm, energy per pulse 350 pJ,
pulse time duration 1 ns, and 10 Hz pulse repetition rate [36, 37]. In Fig. 1, the absorption spectra evolution
for irradiation times between 0 and 5 min is shown. Two absorption bands with peaks at 267 nm and 300 nm
are characteristic to 5-FU molecule. It can be noticed that no significant changes are observed with
irradiation time except a slight decrease of the absorption maxima.

BG 1120 was supplied by Faculty of Pharmacy, Universit¢ de la Mediterranée, Marseille, France.
Solution sample of BG 1120, 5x10™ M in distilled water was exposed to UV/VIS radiation emitted by a cw
Xe lamp, up to 30 min. Molecular changes are put forward by the evolution of absorption spectra during
irradiation that can be observed in Fig. 2. The absorption spectra of BG 1120 have a narrow band centered at
260 nm and a second broad band with maximum absorption at 375 nm. Another band with maximum
intensity at 211 nm may be identified.

The peak at 211 nm disappears over cw UV/VIS exposure and the absorption magnitude of the two
other bands decreases with time exposure increase. The presence of different photo-absorbing molecular
species is suggested also by the two isosbestic points at 273 nm and 293 nm, respectively.

A stability assay of unirradiated BG 1120 solution samples for different storage environments was
made in order to decide the time in which there are no changes of solutions properties. This helps to schedule
further experiments, including those related to biomedical applications. The test proved that BG 1120
solution remains stable during 10 days, when it is kept in dark at 4°C.



3 Optical irradiation of cytostatics: photoproducts characterization and tests on rabbit eye pseudotumors 553

2.5+ 3.0 259 BG1120 5x 10°M
5-FU 10°M ] in distiled water
\ in natural saline 254 o
204 % 0 : _?'
_— 20 —15
— 07 — 30
® 154 1
g2 — 5§ 8
(1] =
8 8
[=] =
7] Q
e, 1.0 2‘5“
0.5
0.0 — T 0-“""-lll--ll---ll--|----|
220 240 260 280 300 320 340 200 250 300 350 400 450

Wavelength (nm) Wavelength (nm)

Fig. 1 — Absorption spectra of 5-FU at 10™*M in natural saline; Fig. 2 — Absorption spectra of BG 1120, 5x10™ M solutions in
pH 8.4; exposed to N, laser radiation several irradiation times. distilled water for several irradiation times, using cw Xe lamp.

As for solution kept in dark at room temperature (at about 20°C) for 10 days, the absorption spectra
showed a slight decrease of the main absorption peak at 259 nm and a slight increase of the peak at 211 nm
(figure not showed). These measurements recommend that unirradiated BG 1120 solutions in distilled water
should be preserved in dark at 4°C and be used in maximum 10 days after preparation.

2.2. FLUORESCENCE SPECTROSCOPY

For 5-FU samples, studies were dedicated to the effect of exposure to N, laser radiation on excitation
and emission fluorescence spectra. The irradiation was made 1 min, 3 min, and 5 min, respectively.

In Fig. 3, fluorescence excitation spectra are shown with emission wavelength set at 440 nm. One main
excitation band is observed whose peak is shifted between 362 nm and 368 nm as function of irradiation
time; an increase in intensity up to 3 min of exposure and then a decrease is noted. The same behavior has
the emission spectra of 5-FU solutions as can be seen in Fig. 4. One emission band is noticed with the peak
at 450 nm and its intensity increasing up to 3 min irradiation, followed by a decrease.
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laser radiation.

This behavior is depicted in Fig. 5 where the intensity of the fluorescence peak at 450 nm is
represented as a function of the irradiation time. The explanation of this trend could originate in the fact that
5-FU belongs to pyrimidines’ class. This type of compounds have more tautomeric forms and differences
between absorption and excitation spectra can be observed when distinct tautomer forms are present in the
investigated solutions [38]. In this respect, the lactam form of 5-FU present in unirradiated solutions and
weakly fluorescent is transformed under UV laser irradiation in the lactim tautomer that has enhanced
emission.
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The fluorescence emission of BG 1120 was excited at 300 nm wavelength (in the range where the
absorption spectra remain unaltered during irradiation with cw Xe lamp) up to 30 min. The registered spectra
reveal the evolution of fluorescence intensity with increasing exposure times as shown in Fig. 6. The
fluorescence emission shows-up as a broad band with the main peak at 476 nm. It suffers a hypsochromic
shift of 10 nm and a hypochromic one during irradiation, as follows: fluorescence intensity decreases with
46% after 7 min exposure, 54% after 15 min, and 70% after 30 min, compared to unirradiated sample.

Fluorescence excitation spectra measured at 460 nm for BG 1120 aqueous solution are presented in
Fig. 7. Three bands with peaks at 310 nm, 377 nm, and 406 nm, respectively, appeared. The first peak shows
a bathochromic shift of 4 nm along with a hypochromic one during exposure.
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Fig. 6 — Fluorescence emission spectra of BG 1120 solutions, Fig.7 — Fluorescence excitation spectra of BG 1120 solutions
5x107° M in distilled water for several irradiation times with cw 5x10 M in distilled water for several irradiation times with cw
Xe lamp; Ae = 300 nm. Xe lamp; Ao, = 460 nm.

The broader band with maximum at 310 nm suffers hypsochromic shift of 3 nm in the first 7 min and
completely disappears after 15 min of exposure to UV/VIS radiation. A supplementary band at 276 nm may
be also observed after 15 min irradiation without any change up to 30 min exposure. The decreasing of
fluorescence excitation is produced as follows: 39% for solution irradiated 7 min, 57% for 15 min, and 65%
for 30 min, compared to the evolution of unirradiated solution. The behavior of fluorescence spectra
indicates that BG 1120 molecules suffer conformational changes, and a mixture of photoproducts in solution
may occur.

2.3. FTIR SPECTROSCOPY

FTIR spectroscopic studies were approached to analyze the irradiated samples in order to identify the
molecular modifications induced by exposure to UV [39]. The pyrimidines with OH group in orto or para
position relative to N atom can be transformed into a keto tautomer form, which has usually a C=0 vibration
band near 1,700 cm™. FTIR spectra of unirradiated and irradiated 5-FU, as are exhibited in Fig. 8, show this
specific vibration band assigned to C=O stretch at 1,655 cm™. The spectrum of unirradiated sample is
characteristic to the diketo (lactam) tautomer. Following UV exposure of 5-FU during 3 min, the specific
C=0 vibrations for the keto form decrease in intensity together with the quadrant (1,555 — 590 cm™ and
1,565 cm‘l) and semicircle (1,480 — 1,400 cm” and 1,410 — 1,375 crn'l) stretch bands, assigned also to keto
compound. A characteristic corresponding to N-H vibration at 3,500 — 3,300 cm™ together with a wide band
(3,500 cm™) due to OH bonded to pyrimidine ring could imply the change of the tautomeric forms
equilibrium by shifting to the fluorescent form, i.e. the enol-keto tautomer (lactim form). All the
spectroscopic investigations performed on 5-FU suggest that it is subject of tautomerization when exposed to
certain doses of UV radiation.
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Fig. 8 — FTIR spectrum of 5-FU for unirradiated compared to 3 min ~ Fig. 9 — FTIR spectra of unirradiated and 180 min irradiated
laser irradiated solution at 337.1 nm. BG 1120 solution in distilled water with a cw Xe lamp.

After 3 min irradiation with laser beam at 337.1 nm, 0.3 mJ and 10 Hz pulse repetition rate, 5-FU
transforms in the lactim form (keto-enol), which had an enhanced fluorescence [31].

As for FTIR spectrum of BG 1120 (Fig. 9), the unirradiated sample compared to the one exposed 3 h to
cw Xe lamp reveals vibration changes, as follows: at 680 cm™ it was identified the in-plane bending
vibration of -C—S—H bonds, at 1,400 cm™ could be assigned the stretching vibration of thiol, while vibrations
at 1,098 cm™, 1,638 cm™, and 1,579 cm™ might be contribution of —C=S bonds in lactam form. The ring
stretching vibration of -C=C— can be responsible for vibrations appearing between 1,750-1,500 cm™ and
N-H (from NH*") stretching vibration may be assigned to peaks arising in the 3,500-3,100 cm™ range [40].

These observations allow us to conclude that BG 1120 molecule undergoes transformations that yield
to new photoproducts. As a consequence of the interaction of UV/VIS radiation with the considered
molecules, possible photoinduced reactions may occur, which include the emergence of dithiol form (bis-
lactim) at the end of irradiation sequence [15].

The changes that occur in BG 1120 molecules are present within minutes after exposure; a convenient
time for exposure applicable to the subsequent experiments appears to be about 15 min, according to
absorption and fluorescence data.

3. LABORATORY ANIMAL STUDIES

Laboratory tests were performed in order to establish the effect of studied cytostatic drugs, in
combination with optical radiation, on corneal pseudotumors. The anatomopathological analysis of
neovascularized tissue submitted to treatment can give information about the role that the studied medicines
have in photodynamic anti-tumor therapy. These studies were carried out in strict accordance with the
recommendations in the Guide for the Care and Use of Laboratory Animals of the University of Medicine
and Pharmacy Carol Davila, Bucharest.

The tests were performed on rabbit eyes using the model developed by Schmidt-Erfurth et al. Details
on experimental procedure are given elsewhere [6, 20, 21, 41]. In short, pseudotumors where induced at the
sclero-corneal limbus of several rabbit eyes, after which these where subject to drug administration and
further optical radiation was administered for several time intervals. Control eyes were used, on which the
unirradiated medicines were injected.

The rabbit eyes were previously inoculated with 10* M 5-FU solutions in natural saline (0.9% NaCl).
Three rabbit eyes injected with non-irradiated 5-FU were used as control. The next three eyes were irradiated
with nitrogen pulsed laser, for 1 minute, other three were irradiated 3 minutes, and the last three 5 minutes.

All eyes were exposed to radiation 3 times a week. The duration of treatment was 4 weeks and then a
pathological examination of conjunctive tissue was made with a microscope Nikon 6, with different
maximization factors.
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Results of the experiments are shown in Fig. 10 and Fig. 11. The eye treated with 5-FU and unexposed
to nitrogen laser radiation shows a small inflammatory part (Fig. 10). One minute irradiation proved to be not
enough for neovessels regression. In contrast, the increase of irradiation time intervals to 3 min seems to be
curative, the inflammation area having a clear regression.

Fig. 10 — Images of the rabbit eye conjunctive tissue injected Fig. 11 — Image of conjunctive tissue treated with 5-FU and
with unexposed 5-FU (100x magnification factor). irradiated after drug administration, with N, pulsed laser
radiation for sessions of 3 minutes (100x magnification factor).

As for the effect of BG1120 pyridine compound on rabbit eye pseudotumor, the same Schmidt-Erfurth
experimental model was followed. One eye was kept for control. The second was treated with 0.1 ml
BG 1120 at the concentration 5x10° M in distilled water. A third sample was exposed to cw radiation
provided by a Xe lamp (11 mW) after drug administration.

In Fig. 12, the image of the pseudotumor tissue of the eye treated with BG 1120 solution is shown. This
still presents inflammatory cells, neovessels, and a small fibrosis.

Fig. 12 — Image of rabbit eye tissue impregnated with BG 1120 Fig. 13 — Image of eye tissue impregnated with BG 1120 solution,
solution in distilled water (100x magnification factor). irradiated with Xe lamp beam (40x magnification factor).

Under exposure for 15 min to UV/VIS radiation emitted by Xe lamp, neovascularizations and
inflammation are clearly reduced (Fig. 13). A fibrosis is still present which might be due to optical
irradiation of healthy area surrounding tumor. This can lead to the conclusion that although optical
irradiation can enhance the effect of antitumor compound, caution should be taken for exposing to radiation
only the tumor area.

4. CONCLUSIONS

In this paper are reviewed data showing that optical irradiation in combination with antitumor
compounds can be a possible method to enhance the effect of drugs and to further overcome MDR developed
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by tumors. There are evidenced spectroscopic characteristics of compounds and of resulting photoproducts
originating from them following exposure to UV/VIS optical radiation.

The same irradiation doses that induced structural modifications of drug photosensitive molecules also
showed higher efficiency on eye pseudotumors impregnated with the compound. Eye conjunctiva
neovascularizations are clearly reduced after treatment. The results could be explained by (i) the possible
mechanisms of action of drug under UV/VIS exposure: increase of tumor cells membrane permeability and
better compound penetration within cell and (ii) the drug photo-sensitising properties, which under excitation
can transfer its energy to ROS species (singlet oxygen, free radicals), which can destroy the necrosis tissue.

Data presented here synthesize results regarding photosensitive properties of some antitumor
compounds that can be used to develop therapeutic protocols for conjunctive neovascularization and tumors.
It remains that furtherer detailed studies dig into the interaction mechanisms between the tumor structures
and the medicines exposed to UV (uncoherent or coherent) optical beams.

ACKNOWLEDGEMENTS

This work was granted by MCI through Nucleu Programme (ctr. no. 1647/2016), and CNCS/CCCDI -
UEFISCDI projects: PN-III-P2-2.1-PED-2016-0420, PN-III-P2-2.1-PED-2016-0446, and PN-III-P1-1.2-
PCCDI 2017-0728 within PNCDI II1.

REFERENCES

1. B.C. BAGULEY, Multiple Drug Resistance Mechanisms in Cancer, Mol. Biotechnol., 46, 3, pp. 308-316, 2010.

2. R.E. SAXTON, M.B. PAIVA, R.B. LUFKIN, D.J. CASTRO, Laser photochemotherapy: A less invasive approach for treatment
of cancer, Semin. Surg. Oncol., 11, 4, pp. 283-289, 1995.

3. M. B. PAIVA, M. PALUMBO, B. GREGGIO, J. A. SERCARZ, Current Cancer Treatment — Novel Beyond Conventional
Approaches, Ed. Oner Ozdemir, InTech, Rijeka, Croatia, 2011.

4.  A. ANDREONI, A. COLASANTI, A. KISSLINGER, M. MASTROCINQUE, G. PORTELLA, P. RICCIO ET AL., Enhanced
response to daunomycin of normal, tumor and metastatic cell lines via drug photo activation, Photochem. Photobiol., 57, 5,
pp. 851-855, 1993.

5. A. ANDREONI, A. COLASANTI, V. MALATESTA, P. RICCIO, G. ROBERTI, Enhancement of antitumor drug cytotoxicity
via laser photoactivation, Photochem. Photobiol., 53, 6, pp. 797-805, 1991.

6. A.STAICU, M.-L. PASCU, I. MOGOS, M. ENESCU, S. TRUICA, L. VOICU et al., Contribution to the spectroscopic study of
cytostatics molecules, Proc. SPIE: Sixth Conference on Optics, 4430, pp. 680-683, 2001.

7.  A.C.STEGER, W.R. LEES, K. WALMSLEY, S.G. BOWN, Interstitial laser hyperthermia: a new approach to local destruction
of tumours, BMJ, 299, 6695, pp. 362-365, 1989.

8. H. BANU, D.K. SETHI, A. EDGAR, A. SHERIFF, N. RAYEES, N. RENUKA ET AL., Doxorubicin loaded polymeric gold
nanoparticles targeted to human folate receptor upon laser photothermal therapy potentiates chemotherapy in breast cancer
cell lines, J. Photochem. Photobiol. B, 149, pp. 116-128, 2015.

9. A.P.SOMMER, D. ZHU, A R. MESTER, H.-D. FORSTERLING, Pulsed laser light forces cancer cells to absorb anticancer
drugs — the role of water in nanomedicine, Artif. Cells. Blood Substit. Immobil. Biotechnol., 39, 3, pp. 169-173, 2011.

10. A.P. SOMMER, A. CARON, H.-J. FECHT, Tuning nanoscopic water layers on hydrophobic and hydrophilic surfaces with laser
light, Langmuir ACS J. Surf. Colloids, 24, 3, pp. 635-636, 2008.

11. A.P. SOMMER, J. BIESCHKE, R.P. FRIEDRICH, D. ZHU, E.E. WANKER, H.J. FECHT et al., 670nm laser light and EGCG
complementarily reduce amyloid-fi aggregates in human neuroblastoma cells: basis for treatment of Alzheimer’s disease?,
Photomed. Laser Surg., 30, 7, pp. 54-60, 2012.

12. A.P. SOMMER, M.K. HADDAD, H.-J. FECHT, Light Effect on Water Viscosity: Implication for ATP Biosynthesis, Sci. Rep., 5,
12029, 2015.

13. J. CHEVALIER, A. MAHAMOUD, M. BAITICHE, E. ADAM, M. VIVEIROS, A. SMARANDACHE et al., Quinazoline
derivatives are efficient chemosensitizers of antibiotic activity in Enterobacter aerogenes, Klebsiella pneumoniae and
Pseudomonas aeruginosa resistant strains, Int. J. Antimicrob. Agents, 36, 2, pp. 164-168, 2010.

14. A. MILITARU, A. SMARANDACHE, A. MAHAMOUD, S. ALIBERT, J.-M. PAGES, M.-L. PASCU, Time Stability Studies of
Quinazoline Derivative Designed to Fight Drug Resistance Acquired by Bacteria, Lett. Drug Des. Discov., 8, 2, pp. 124-129, 2011.

15. R.A. PASCU, M. TRIFU, M. DUMITRESCU, A. MAHAMOUD, A. STAICU, B. CARSTOCEA, M.L. PASCU, In vivo studies
of the effects of alkyl substituted benzo[b]pyridinium ompounds exposed to optical radiation, Rom. Rep. Phys., 60, 3, pp. 899—
908, 2008.

16. M.L. PASCU, L.R. ANDREI, M. FERRARI, A. STAICU, A. SMARANDACHE, A. MAHAMOUD et al., Laser beams resonant
interaction with micro-droplets which have a controlled content, Colloids Surf. Physicochem. Eng. Asp., 365, -3, pp. 83-88, 2010.



558

A. SMARANDACHE, A. STAICU, A. DINACHE, I. R. ANDREI, R. A. PIRVULESCU, M. L. PASCU 8

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

J. HANDZLIK, E. SZYMANSKA, S. ALIBERT, J. CHEVALIER, E. OTREBSKA, E. PEKALA et al., Search for new tools to
combat Gram-negative resistant bacteria among amine derivatives of 5-arylidenehydantoin, Bioorg. Med. Chem., 21, I,
pp. 135-145, 2013.

Y.A. IVANENKOV, M.S. VESELOV, 1.G. REZEKIN, D.A. SKVORTSOV, Y.B. SANDULENKO, M.V. POLYAKOVA et
al., Synthesis, isomerization and biological activity of novel 2-selenohydantoin derivatives, Bioorg. Med. Chem., 24, 4, pp. 802—
811, 2016.

A. DINACHE, M. BONI, T. ALEXANDRU, E. RADU, A. STOICU, I.R. ANDRETI et al., Surface properties of Vancomycin
after interaction with laser beams, Colloids Surf. Physicochem. Eng. Asp., 480, pp. 328-335, 2015.

M.L. PASCU, M. BREZEANU, L. VOICU, A. STAICU, B. CARSTOCEA, R.A. PASCU, 5-Fluorouracil as a Phosensitiser,
In Vivo, 19, 7, pp. 215-220, 2005.

M.L. PASCU, A. STAICU, L. VOICU, M. BREZEANU, B. CARSTOCEA, R. PASCU et al., Methotrexate as a Photosensitiser,
Anticancer Res., 24, 54, pp. 2925-2930, 2004.

M.-L. PASCU, V. NASTASA, A. SMARANDACHE, A. MILITARU, A. MARTINS, M. VIVEIROS et al., Direct Modification of
Bioactive Phenothiazines by Exposure to Laser Radiation, Recent Patents Anti-Infect. Drug Disc., 6, 2, pp. 147-157, 2011.

M.L. PASCU, B. DANKO, A. MARTINS, N. JEDLINSZKI, T. ALEXANDRU, V. NASTASA et al., Exposure of
chlorpromazine to 266 nm laser beam generates new species with antibacterial properties: contributions to development of a
new process for drug discovery, PloS One, 8, 2, pp. €55767, 2013.

A. SIMON, T. ALEXANDRU, M. BONI, V. DAMIAN, A. STOICU, V. DUTSCHK et al., Interaction of solutions containing
phenothiazines exposed to laser radiation with materials surfaces, in view of biomedical applications, Int. J. Pharm., 475, -2,
pp. 270-281, 2014.

T. ALEXANDRU, A. STAICU, A. PASCU, E. RADU, A. STOICU, V. NASTASA et al., Characterization of mixtures of
compounds produced in chlorpromazine aqueous solutions by ultraviolet laser irradiation: their applications in antimicrobial
assays, J. Biomed. Opt., 20, 5, 051002, 2014.

M.C. MORAN, T. TOZAR, A. SIMON, A. DINACHE, A. SMARANDACHE, I.R. ANDREI et al., Toxicity study in blood and
tumor cells of laser produced medicines for application in fabrics, Colloids Surf. B Biointerfaces, 137, pp. 91-103, 2016.

LLR. ANDREI, T. TOZAR, A. DINACHE, M. BONI, V. NASTASA, M.L. PASCU, Chlorpromazine transformation by
exposure to ultraviolet laser beams in droplet and bulk, Eur. J. Pharm. Sci., 81, pp. 27-35, 2016.

A. SMARANDACHE, V. NASTASA, M. BONI, A. STAICU, J. HANDZLIK, K. KIEC-KONONOWICZ et al., Laser beam
resonant interaction of new hydantoin derivatives droplets for possible biomedical applications, Colloids Surf. Physicochem.
Eng. Asp., 505, pp. 37-46, 2016.

A. Smarandache, A. Pascu, I. R. Andrei, J. Handzlik, K. Kiec-Kononowicz, A. Staicu, M.L. PASCU, Study of the optical properties of
2-thiohydantoin derivatives, Rom. Rep. Phys., 68, 2, pp. 673—683, 2016.

A. SMARANDACHE, M. BONI, I.R. ANDREI, J. HANDZLIK, K. KIEC-KONONOWICZ, A. STAICU et al., Spectroscopic
investigations of novel pharmaceuticals: Stability and resonant interaction with laser beam, Appl. Surf. Sci., 417, pp. 143-148,2017.

F. Ungureanu, L. Voicu, 1. Andrei, The modification of phenyl-pyridine compounds under UV irradiation: FTIR investigation, J.
Optoelectron. Adv. Mater., 8, 1, pp. 315-318, 2006.

D.B. LONGLEY, D.P. HARKIN, P.G. JOHNSTON, S5-Fluorouracil: mechanisms of action and clinical strategies, Nat. Rev.
Cancer, 3, 5, pp. 330-338, 2003.

S.-E. KIM, P.D. COLE, R.C. CHO, A. LY, L. ISHIGURO, K.-J. SOHN et al., y-Glutamy! hydrolase modulation and folate
influence chemosensitivity of cancer cells to 5-fluorouracil and methotrexate, Br. J. Cancer, 109, 8, pp. 2175-2188, 2013.

M. KIDWAI R. VENKTARAMANAN, R. MOHAN, P. SAPRA, Cancer Chemotherapy and Heterocyclic Compounds, Curr.
Med. Chem., 9, /2, pp. 1209-1228, 2002.

C. SANTELLI-ROUVIER, J.-M. BARRET, C.M. FARRELL, D. SHARPLES, B.T. HILL, J. BARBE, Synthesis of 9-acridinyl
sulfur derivatives: sulfides, sulfoxides and sulfones. Comparison of their activity on tumour cells, Eur. J. Med. Chem., 39, 12,
pp. 1029-1038, 2004.

M.-L. PASCU, B.D. CARSTOCEA, A. STAICU, M.A. IONITA, S. TRUICA, R. PASCU, Spectroscopic studies of drugs used
in the treatment of malignant tumors in ophthalmology, Proc. SPIE, 4606, pp. 52—60, 2001.

M.-L. Pascu, B.D. Carstocea, M. Brezeanu, L. Voicu, A. Staicu, D.M. Gazdaru, et al., Studies on Activated Cytostatic
Fluorouracil as Photosensitizer: To Use in Eye Tumor Treatment, Proc SPIE, 5610, pp. 87-95, 2004.

M. DANIELS, Tautomerism of uracil and thymine in aqueous solution: spectroscopic evidence, Proc. Natl. Acad. Sci. U. S. A.,
69, 9, pp. 24882491, 1972.

G. ALAGONA, C. GHIO, S. MONTI, 4b initio modeling of competitive drug—drug interactions: 5-fluorouracil dimers in the
gas phase and in solution, Int. J. Quantum Chem., 83, 3—4, pp. 128-142, 2001.

G. Socrates, Infrared and Raman Characteristic Group Frequencies: Tables and Charts, 3rd Edition, Wiley, New York, 2004.
R.A. PASCU, M. TRIFU, M. DUMITRESCU, A. MAHAMOUD, A. STAICU, M. DICU et al., In vivo studies of the effects of
alkyl substituted benzo [b] pyridinium compounds exposed to optical radiation, AIP Conf Proc, 1142, pp. 8—14, 2009.

Received February 16, 2018



