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Abstract. Time-stability studies of two non-antibiotics, chlorpromazine and thioridazine, which
possess antimicrobial activity after their exposure to UV pulsed laser beams, are reported. The role of
stability testing is to provide information about how the quality of such a drug varies over time, in
view of further applications. The dynamics of identified peaks in absorption spectra shows an
absorption dependence of the new formed photoproducts with respect to irradiation time. Both
chlorpromazine and thioridazine irradiated solutions stabilize after 24 h and 48 h, respectively. The
solutions are stable for different periods function of exposure time. Thus, the conclusions show that
the samples are stable and can be used in antimicrobial susceptibility assays along one to four weeks
after irradiation, depending of irradiation time intervals.
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1. INTRODUCTION

Time stability is an important property regarding the quality of pharmaceutical products and therefore
testing it has an important role in the development of new drugs. The role of stability testing is to provide
information about how the quality of a drug varies in time under the influence of environmental factors such
as temperature, humidity, or light exposure. Another goal is to set optimal test periods related to storage
conditions for drugs [1, 2]. UV-Vis-NIR spectroscopy is frequently used to assess the identity, purity, and
concentration of pharmaceuticals, but it can also be applied in stability assessments [3—7].

Large efforts in drug development are directed to efficient ways to combat multidrug resistance in
bacterial pathogens. Related to this, phenothiazine derivatives have demonstrated enhanced antimicrobial
activity and less toxicity when exposed to UV radiation [8—10]. As for the cytotoxic effects of irradiated
solutions, it was demonstrated that their toxicity is lower than in the case of parent compounds when tested
on Swiss albino murine fibroblasts cell lines [11, 12]. Recent reports have shown that phenothiazine,
hydantoin derivatives, and antibiotics when exposed to pulsed UV laser radiation generate products with
different molecular structures and spectral properties, when compared to the respective parent compounds
[8, 10, 13—-19]. Also, the use of Nd:YAG laser in combination with existing drugs proved to be efficient in
treating induced pseudo-tumours in rabbit eye [20, 21], in the treatment of micro-veins [22-25], or even in
photodynamic therapy [26]. In short, UV-Vis-NIR absorption spectroscopy has been demonstrated to be an
appropriate method to investigate time-stability of the phenothiazine derivative solutions [12, 13, 27].

2. MATERIALS AND METHOD

The investigated solutions were chlorpromazine (CPZ) and thioridazine (TZ), both purchased from
Sigma Aldrich. The optimized geometry of CPZ structure is depicted in Ref. [10] and the chemical structure
of TZ is presented in Refs. [13, 28]. A volume of 2 mL containing 2 mg/mL CPZ or TZ was irradiated with
the fourth harmonic of a pulsed Nd:YAG laser (266 nm). The solvent was ultrapure water and the laser beam
average energy was of 6.5 mJ per pulse. The samples were exposed to pulsed UV laser radiation from 1 min
to 240 min. The irradiation protocol and the set-up are shown in detail in Ref. [10].



538

Tatiana TOZAR, Mihail Lucian PASCU

The absorption spectra were recorded between 280 nm and 1,200 nm with a Perkin Elmer
spectrophotometer, model Lambda 950, having a standard error of £0.004%. The standard error, calculated
with respect to user manipulation of samples was £2.174% [18]. The spectrophotometric cell was 1 mm
thick. Time-stability studies were performed by recording the UV-Vis-NIR absorption spectra immediately
(0 h), at 24 h, 48 h, one week, two weeks, three weeks, and four weeks after the irradiation process was
completed. CPZ and TZ samples were stored in dark at 4 °C.

3. RESULTS

Prior to using irradiated phenothiazines on cell cultures, time-stability studies were performed in order
to identify the timeframe in which, after irradiation, solutions remain stable and can be used in susceptibility
assays. The antimicrobial, antibiofilm, and antifungal activities of unirradiated and irradiated CPZ or TZ are
presented in Ref. [29] and show that irradiated CPZ and TZ could be considered an alternative to some of the
current, generally accepted, treatments of bacterial resistance with antibiotics.

3.1. CHLORPROMAZINE

During 240 min irradiation of 2 mg/mL CPZ solution with 266 nm laser beam, a gradual change in
color was observed. After the first 5 min irradiation, the color changed from initial clear solution to a light-
yellow one and after 240 min of irradiation, the solution presented a dark brown color. The changes in color
of the irradiated samples are shown in Fig. 1.
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Fig. 1 — Gradual change in color of 2 mg/mL CPZ solution in ultrapure water exposed to 266 nm laser beams from 1 min to 240 min.

The absorption spectra of 2 mg/mL unirradiated and irradiated CPZ solutions recorded immediately
and 24 h after irradiation are shown in Fig. 2. The 306 nm peak shows bathochromic and hyperchromic shifts
during 240 min irradiation (Fig. 2A,). In the 400—600 nm spectral range (Fig. 2B,) two peaks (503 nm and
540 nm) were present corresponding to CPZ and promazine oxidized forms [30].
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Fig. 2 — Absorption spectra of 2 mg/mL unirradiated CPZ and irradiated CPZ solutions, in ultrapure water, between: 280-480 nm,
recorded after irradiation at 0 h (A;), 24 h (A,); 400-600 nm, recorded after irradiation at 0 h (By), 24 h (B,); 600-1,200 nm, recorded

after irradiation at 0 h (Cy), 24 h (C,).
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For 30 min exposed CPZ, immediately after irradiation a wide band appeared centered on 956 nm
(Fig. 2Cy). After 60 min irradiation, another band at 831 nm showed-up accompanied by a peak at 956 nm.
The maximum absorbance intensity for the two peaks was obtained for 120 min irradiated CPZ. After
240 min exposure to 266 nm laser beam, the bands disappeared. Absorption spectra recorded after 24 h
showed no changes in 280—-600 nm spectral range (Fig. 2A; and Fig. 2B,;), however between 600 nm and
1,200 nm peaks at 831 nm and 956 nm vanished (Fig. 2C,).

These modifications occurred due to generation of a variety of free radicals during irradiation of CPZ,
including the corresponding cation radical (via photoionization), chlorine atom, neutral promazinyl radical,
hydroxyl radical and sulfur centered peroxy radical [10, 31-34].

To establish the time-stability of unirradiated and irradiated CPZ samples, the absorption spectra were
analyzed during four weeks.

In Fig. 3 are shown absorption spectra of unirradiated and irradiated CPZ solutions for 1 min, 5 min
and 15 min, respectively. For unirradiated CPZ and 1 min irradiated CPZ there were no changes in the
spectra at wavelengths higher than 480 nm. Unirradiated CPZ (Fig. 3A) was stable four weeks, while 1 min
(Fig. 3B) and 5 min (Fig. 3C) irradiated CPZ were stable two weeks, the absorbance intensity remaining
within error limits.
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Fig. 3 — Absorption spectra, recorded during four weeks, of 2 mg/mL CPZ solution, in ultrapure water, irradiated:
A) 0 min (unirradiated); B) 1 min; C) 5 min; D) 15 min.

For 15 min irradiated CPZ (Fig. 3D), the time stability was determined to be also two weeks, whereas
in the 280-480 nm range after two weeks the band intensity increased, exceeding the error limits. The sample
analyzed after three weeks showed an increase of absorbance of 15%, and a 17% increase for the solution
tested after four weeks was measured.

Figure 4 presents the absorption spectra of 30 min to 240 min irradiated CPZ. The 30 min irradiated
CPZ (Fig. 4A) was stable two weeks. For the sample analyzed after three weeks, the absorbance increases by
11.6% and after four weeks by 13.1%. The 60 min irradiated CPZ (Fig. 4B) stabilized after 24 h and
remained stable during two weeks.

The absorption spectra recorded for CPZ irradiated 120 min (Fig. 4C) showed that the peaks at 809 nm
and 956 nm vanished after 24 h and the solution remained stable two weeks. Both 180 min (Fig. 4D) and
240 min (Fig. 4E) irradiated CPZ were stable two weeks.
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Fig. 4 — Absorption spectra, recorded during four weeks, of 2 mg/mL CPZ solution, in ultrapure water, irradiated:
A) 30 min, B) 60 min, C) 120 min, D) 180 min, E) 240 min.

3.2. THIORIDAZINE

The 2 mg/mL TZ in ultrapure water was exposed to 266 nm laser beam and it was observed (Fig. 5)
that after the first minute it changed color from a clear solution (unirradiated TZ) to a light turquoise (15 min
irradiated TZ). After 60 min irradiation, the color of the sample changed significantly, from turquoise to light
yellow. When the exposure time was increased, a gradual change in color was observed, ranging from a light
yellow (60 min irradiated TZ) to a light brown (240 min irradiated TZ).
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Fig. 5 — Gradual change in color of 2 mg/mL TZ solution in ultrapure water exposed
to 266 nm laser beams from 1 min to 240 min.

The absorption spectra of unirradiated and irradiated TZ between 1 min and 240 min recorded
immediately, at 24 h, and at 48 h after irradiation, respectively, are shown in Fig. 6.

The band with peak at 315 nm suffered both a hypsochromic and a hypochromic shift during 240 min
irradiation (Fig. 6A;). After 1 min exposure, two peaks at 454 nm and 486 nm appeared and after 30 min
irradiation the two bands vanished (Fig. 6B,). Thus, one may conclude that photoproducts formed in the first
15 min of irradiation were responsible for 454 nm and 486 nm absorption bands and the turquoise color of
the solutions. Besides the above-mentioned spectroscopic modifications, other two bands appeared: a narrow
one, with a peak at 637 nm, and a wide one at 882 nm, both being visible after the first minute of irradiation
and having a maximum absorption intensity for 5 min irradiated TZ solution. Disappearance of bands after
180 min of TZ exposure to 266 nm was also observed (Fig. 6B;). The same two bands were obtained for TZ
irradiated with 355 nm, where highest absorption intensities were observed for 5 min irradiated samples [27].

The spectra measured 24 h after irradiation process ended, showed in the 280—480 nm spectral range
(Fig. 6A,) shifts to longer wavelengths, as well as between 400 nm and 1,100 nm the disappearance of
882 nm peak (Fig. 6B,). Still, the peak at 637 nm can be observed in the absorption spectra only for 1 min
and 5 min irradiated TZ. After 48 h (Fig. 6A;), no spectral changes in 280—480 nm spectral range were
observed when compared to 24 h spectrum. In the 400—1,100 nm range, the above-mentioned bands vanished
(Fig. 6B;). These phenomena may be due to the free radicals found in TZ solution exposed to UV
radiation [35].
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Fig. 6 — Absorption spectra of 2 mg/mL unirradiated TZ and irradiated TZ solutions in ultrapure water between: 280480 nm,
recorded after irradiation at 0 h (A;), 24 h (A;), 48 h (A3); 400—1,100 nm, recorded after irradiation at 0 h (B,), 24 h (B,), 48 h (B5).

To evaluate the time-stability of unirradiated and irradiated TZ samples over four weeks, the
absorption spectra were analyzed as in the CPZ case.
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Fig. 7 — Absorption spectra, recorded during four weeks, of 2 mg/mL TZ solution, in ultrapure water, irradiated:
A) 0 min (unirradiated); B) 1 min; C) 5 min; D) 15 min.

Thus, Fig. 7 shows the stability study of unirradiated TZ solution and 1 min, 5 min, and 15 min
irradiated TZ. For unirradiated TZ (Fig. 7A) the analysis showed that the sample was stable for up to three
weeks. The 1 min irradiated TZ was stable for two weeks (Fig. 7B). TZ irradiated 5 min (Fig. 7C) recorded
during four weeks was stable for only three weeks. For 15 min irradiated TZ (Fig. 7D), absorption spectra
recorded immediately after exposure showed a peak at 300 nm, which was shifted to 313 nm after 24 h, this
position remaining unchanged along the four weeks of testing. The irradiated solution stabilized after 24 h,
when the bands in 400—1,100 nm spectral range disappeared, and remained stable two weeks. The absorption
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spectrum, measured after three weeks, presented an absorbance intensity increasing by 9% and was no longer
within the limits of experimental errors.

Figure 8 presents the absorption spectra of 30 min to 240 min irradiated TZ. The absorption spectrum
of the irradiated TZ for 30 min stabilized after 24 h and the sample remained stable for two weeks (Fig. 8A).
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Fig. 8 — Absorption spectra, recorded during four weeks, of 2 mg/mL TZ solution, in ultrapure water, irradiated:
A) 30 min; B) 60 min; C) 120 min; D) 180 min; E) 240 min.

In the case of 60 min irradiated TZ (Fig. 8B), the bands with peaks at 637 nm and 882 nm vanished
after 24 h. Thus, the sample stabilized and remained stable two weeks. Absorption spectra of TZ irradiated
120 min (Fig. 8C) showed that the 637 nm and 882 nm peaks vanished 24 h after irradiation ended; the
solution remained stable during two weeks. Both, TZ irradiated 180 min (Fig. 8D) and 240 min (Fig. 8E)
stabilized after 24 h and remained stable during one week.

4. CONCLUSIONS

Based on time-stability studies, unirradiated CPZ solution can be stored in dark and at 4 °C during four
weeks without changing its properties. CPZ samples irradiated between 1 min and 240 min stabilized after
24 h and remained stable only two weeks after the irradiation process ended. In addition, during the
irradiation, a change of color was observed after the first 5 min showing that the samples display light-
yellow color. By the end of the 240 min irradiation of CPZ a gradual change to dark brown occurred.

The time-stability study for the unirradiated TZ solution suggests that the sample was stable three
weeks. TZ solution irradiated 1 min and 5 min stabilized after 48 h and remains stable two weeks; solutions
irradiated between 15 min and 120 min stabilize after 24 h and remain stable two weeks. The samples
exposed to 180 min and 240 min are stable between 24 h and one week.

The dynamics of the peaks identified in the absorption spectra shows an absorption dependence on
irradiation time and all changes in spectra compared with those of unirradiated samples suggest the photo-
degradation of the parent compound, which leads to the formation of new photoproducts.
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