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Editorial

Reports made during the last decades, mention the development
of drug resistance mechanisms acquired by tumor cells and bacteria.
To-date, the multiple drug resistance (MDR) identified for the
malignant tumor cells [1-3] and bacteria (Mycobacterium tuberculosis,
Staphylococcus aureus, Escherichia coli etc.) [4] is well documented.
With respect to this challenge the science community is asked to
find solutions in order to fight MDR and the research efforts may be
included in two main categories: (a) development of new medicines
and (b) identifying new ways to make efficient again the existing ones.

The promotion of new medicines is costly, needs sustained efforts
and takes long time. Approaching new methods to make the existing
medicines efficient in fighting MDR is more convenient, cheaper,
faster and simpler, the more so because the medicines utilized to
treat particular maladies may become, once modified, efficient in the
treatment of completely different illnesses than targeted by the parent
compounds.

A promising procedure applied to produce modifications of
medicines at molecular level consists in exposing them in solutions at
laser radiation that has particular characteristics in terms of wavelength,
energy/power, time distribution of the emission (i.e. continuous wave-
cw or pulsed), pulse duration and repetition rates; according to the
present knowledge, the polarization state of the beams and their time
and spatial coherence do not have critical influence on the processes
of interest.

Out of the reports about cytostatics modified by exposure to laser
radiation in order to be applied efficiently on tumor tissues in MDR
cases we selected two widely utilized chemotherapeutic substances:
Methotrexate (MTX) and 5 - Fluorouracil (5 - FU).

Methotrexate (MTX) is an antifolate used in the chemotherapy
of cancer, as well as in the treatment of psoriasis and rheumatoid
arthritis. MTX stops DNA synthesis by inhibiting the action of the
dihydrofolate reductase and thus reducing the tetrahydrofolate
level in the cell. Studies on the photochemistry of folic acid showed
the photodissociation effects of the light on the absorption and
fluorescence characteristics of folic acid function of the exposure time
[5,6]. MTX belongs to the pterine group, together with folic acid and
aminopterine, which form under UV-VIS exposure 6-formylpterine
derivates and p-aminobenzylglutamic acid [7].

The combination of UV-VIS radiation and MTX as a possible
new treatment for cancer was described in [1] and [8] as well as the
application of UV laser radiation emitted at 337.1 nm by a nitrogen
pulsed laser [9,10]. The examined MTX spectra showed that major
modifications occur in the absorption and fluorescence characteristics
of the MTX solution in natural saline following exposure and that
MTX photodissociation starts if the irradiation fluence is greater than
0.56 J/cm? most probably, the appearance of the reaction products
takes place at a low rate. These studies were coupled with tests about
MTX photosensitizing properties measured on rabbit eyes conjunctive
pseudotumors produced by the Schmidt-Erfurth method [11].

Comparative data were obtained on the evolution of neovascularisation
of the conjunctive between untreated rabbit eyes and eyes impregnated
with cytostatics at 5x10° M in natural saline which are exposed to
coherent or noncoherent light beams. The model simulates the tumor
and the tests have shown that conjunctive and neovascularisations
disappear after 1-2 treatments. 5-FU is a pyrimidine analog that
belongs to the family of antimetabolites. It is weakly fluorescent, but it
emits intense fluorescence after exposure to UV-VIS light. The UV-VIS
absorption spectra of 5-FU did not show any structural modification
after exposure to UV laser beams, but the FTIR spectra showed that
the molecular geometry of 5-FU was changed after irradiation. The
exposure to UV laser radiation transformed the 5-FU molecule into
a tautomeric form. The increase of the fluorescence is attributed to a
higher conversion to the keto-enol (lactim form) fluorescing tautomer
due to monochromatic and high intensity laser radiation, which
allows an effective and selective excitation. The radicals formed by
the deprotonation of 5-FU could initiate the tumoricidal effect. The
spectroscopic studies were coupled with preliminary tests on 5-FU
photosensitizing properties measured on rabbit eyes conjunctive
tissues [2]. Comparative data were obtained about the evolution
of neovascularisations in the conjunctive tissue between untreated
rabbit eyes and eyes impregnated with 5-FU 10* M in natural saline
and exposed to a UV-light beam emitted by a nitrogen pulsed laser.
These experiments showed that the eye conjunctive inflammation and
neovascularisation disappear faster after the treatment, as well.

The development of bacteria resistance to antibiotic treatment is
considered a natural evolution process. The reversal of the resistance
to antibiotics includes not only the treatment against pathogens which
directly affect the patient’s health but also the fight against the microbes
developed in the hospital environment due to repetitive disinfection or
against the resistant bacteria developed accidentally. The resistance to
antibiotic treatment is also signaled as MDR at simultaneous treatment
with different drugs.

An important number of drugs employed currently in medicine
have their origins in the chemical processing of phenothiazines
[12,13]. Chemical manipulation of a compound for the creation of
new derivatives is limited by the existing science of organic chemistry,
is time consuming and the percent yield of an active product is quite
small. Exposure of a phenothiazine to UV - VIS yields a product that is
more biologically active than the un-exposed parent [14,15].
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Lasers have been used in recent years for localized effects on tissues
when the tissue and the phenothiazine are simultaneously irradiated
[16]. The difference between exposures of a phenothiazine to a UV laser
versus that to incoherent UV is that a laser emits radiation of a specific
wavelength that may be as narrow as 10~ nm, with an energy level at the
given wavelength 10°-10° fold greater, at the same wavelength, than that
produced by the UV incoherent source employed in biological studies
[17]. We therefore considered the possibility that lasers could be used
to rapidly modify molecules with prolongation of exposure to hours in
order to produce reactions not possible with routine techniques used
in organic chemistry.

A series of studies was started to evaluate the effect of a high
energy laser beam on the structure of CPZ and correlate these with its
bioactivity against bacteria. To standardize the method, more variables
were controlled. Firstly, deionised water was used as solvent in order to
minimize reactions that are solvent dependent. Secondly, we selected
a 266 nm laser beam because the peak absorbance of CPZ is at 254-
256 nm, and the modification of the CPZ was thereby assured. Thirdly,
a 6.5 mJ energy level was chosen because it was the lowest energy
level that would completely transform a minimum concentration
of CPZ within a period of time of the order of minutes. Under these
conditions the sequential development of products from exposure to
the 266 nm could be studied. With prolonged exposure to the laser
beam, at any given concentration of CPZ, the amounts of products
identified via thin layer chromatography (TLC) increased. With
no exceptions, all of the products formed were more polar than the
control un-irradiated CPZ. Irradiation of the smallest concentration
of CPZ (2 mg/mL) resulted in the complete conversion of CPZ into
products that fluoresced under the 366 nm UV lamp whereas CPZ did
not emit fluorescence. Increasing the concentration of CPZ exposed
to the laser afforded the identification of TLC products that could
not be detected with the smallest concentration of CPZ (2 mg/mL) .
Prolongation of exposure increased the presence of these products so
that by the end of 16 hrs, the major product was one that migrated
behind CPZ in the TLC system. This product could be seen to decrease
with further prolongation of exposure to 24 hrs and was identified as
promazine. The examination of the 4 hrs TLC of the 2 mg/mL of CPZ
shows that a product that migrates closely behind CPZ begins to appear
concomitantly with the transformation (disappearance) of CPZ. This
product emits fluorescence and is not seen with exposures of higher
concentrations of CPZ nor with prolonged exposures of concentrations
higher than 2 mg/mL. We interpreted these findings to suggest that
the rapid formation of products from CPZ at its lowest concentration
yields a radical that is short lived and slightly more polar than CPZ and
that it may represent a species that contains the sulfoxide. Monitoring
the pH of the 2 mg/mL of CPZ during exposure indicated a rapid
drop of 3 to 4 pH units within 5 minutes that was maintained for the
duration of the two hour exposure. This suggests that the protons were
generated from the reaction that leads to sulfoxides and that because
de-oxygenated water still gives rise to sulfoxides formed from exposure
of CPZ to UV, the protons generated from exposure of CPZ to the laser
have their source in water.

Our results indicated that exposure of 2 mg/mL of CPZ to a 266
nm laser yielded a product with greater biological activity against
the test organism ATTC 25923 Staphylococcus aureus. Although
the mechanism of action accounting for the increased antibacterial
activity produced by laser exposure is not yet studied, phenothiazines
such as CPZ have been shown to inhibit efflux pumps of bacteria [18]
and of significant importance, promote the killing of intracellular
mycobacteria [19-22].

Because phenothiazines that affect the viability of Staphylococcus
aureus in general also affect that of Mtb and a number of important
genes are similar in both species, one could anticipate that the irradiated
CPZ would also have bioactivity against Mtb.

The evaluation of the products from exposure to the 266 nm laser
beam by HPLC-DAD and HPLC-MS/MS indicated the presence of
4 major species produced. Their amounts increased with duration
of exposure such that by the end of 24 hrs, the parental compound
CPZ is no longer present and PZ, hydroxypromazine or PZ sulfoxide,
hydroxypromazine sulfoxide and CPZ sulfoxide account for the major
products present. However, around two hundred other products are
present which due to inadequate amount of sample, could not at this
time be identified. The identification of many, if not all of the products
formed from prolonged irradiation with the 266 nm laser beam, may
afford their detection in other systems that produce derivatives such
as that enzymatic system present in the liver which can yield as many
as 40 compounds when the patient is treated with a single dose of
CPZ or that are not easily noted with pyrogenic systems in that their
lives are short lived since unlike the irradiation process, the stopping
of any pyrogenic based chemistry is difficult whereas that of the laser
based method, the process is immediately stopped when the beam is
removed. Lastly, it should be noted that the spectrophotometric and
TLC properties of the products formed from laser exposure are stable
for at least three months.

The mentioned results allow defining a new and very promising
field that of the modification of medicines at molecular level in order
to produce new compounds with possible applications in personalized
biomedicine and technology.
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