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Introduction

Organelle selective fluorescent probes are useful tools for delin-
eating functional and morphological changes of various organelles,
especially in a diseased state.! There are number of such probes
reported in the literature, exemplifying the detailed synthetic
efforts various groups have put in over the years to make them
available to the scientific community.?~* These probes are biocom-
patible, nontoxic and mostly selective towards their target.’
Although much work has been accomplished with molecules emit-
ting in the 400-600 nm range, there still exists an opportunity to
fine tune their emission towards the near infrared region (700-
1000 nm) wherein there is minimal back ground fluorescence
due to absorbing cellular entities and much greater tissue penetra-
tion. There is also minimal tissue damage caused by photons in this
region of the spectrum.

An ongoing research project in our group focuses on developing
organelle selective fluorescent probes for studying disease initia-
tion at a cellular level. As our understanding of disease progression
continues to advance it is becoming increasingly clear that certain
organelles undergo changes during the onset of disease. Among
them are mitochondria, the organelles responsible for energy pro-
duction for various cellular functions, which have a major role
associated with disease onset.® Mitochondria are often referred
to as the powerhouse of mammalian cells as they produce ATP
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by a process called oxidative phosphorylation. Any defect in this
pathway of ATP production will inevitably affect the cellular func-
tions and ultimately lead to various disorders.” Mitochondrial mal-
function is associated with many diseases such as cancer, arthritis
and heart disease.®

We have chosen to work with the cyanine scaffold due to its
ease of synthetic manipulation and the subsequent fluorescence
shift that can be achieved towards longer wavelength.’ In general,
straight chain polymethine cyanine dyes suffer from photo stabil-
ity issues due to photo oxidation caused by reactive oxygen species
in aqueous media, which has hampered their widespread use as a
class of dyes in biological conditions.'® However, their photo sta-
bility can be improved by introducing a cyclohexenyl ring as part
of the polymethine chain.'" IR-786 is one such heptamethine cya-
nine dye, incorporating a cyclohexenyl ring with a meso-chloro
group which serves as a suitable electrophile to undergo reaction
with various nucleophiles. There are many examples in the litera-
ture where the reactive chloro group is utilized to append various
nucleophiles to modulate fluorescence properties which can then
be used to monitor cellular processes and pH changes in cellular
environment.'?~'4

Fluorescent dyes have also been used to develop fluorescently
tagged drug molecules in order to study the interaction of drugs
with various receptor targets at the cellular level.'> One advantage
of such a strategy is the ability to delineate the specific or non-
specific interaction of a drug with various receptors which could
then be used to improve the efficacy of the drug. Development of
drugs targeting G-protein coupled receptors for therapeutic
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intervention is a good example which has benefited significantly
using this strategy.'® The use of such strategy will greatly benefit
the CNS drug discovery programme, where a lack of understanding
of mechanism of action has to some extent hindered the treatment
of neurodegenerative disorders such as Alzheimer's, Parkinson’s
and major depressive disorder (MDD).!”

Amoxapine (2-chloro-11-(piperazin-1-yl)dibenzo[b,f][1,4]ox-
azepine) 5 (Scheme 1) is a tricyclic dibenzoxapine antidepressant
widely used in the treatment of MDD.'® Compared to other antide-
pressants it has a faster onset of action which makes it preferable
for use in patients suffering from MDD. 5 is a known GUS (beta-
glucuronidase) inhibitor which is used in combination with cyto-
toxic drugs to reduce drug side effects and improve potency. For
example, the widely used colon and non- small cell lung cancer
drug Irinotecan has the side-effect of severe diarrhoea. A combina-
tion of Irinotecan and 5 in animals have shown to completely alle-
viate diarrhea and improve the potency of Irinotecan.'® 5 is also
known to disrupt the mitochondrial electron transport chain which
leads to metabolic acidosis and brain damage in patients.>°

To the best of our knowledge there are no literature reports of a
near infrared dye attached to Amoxapine to study its mitochon-
drial selectivity. We therefore synthesized the Amoxapine-IR-786
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Scheme 1. Synthesis of dye 1.

dye 1 and were pleased to find that it was indeed selective towards
mitochondria.

The synthesis of dye 1 is detailed in Scheme 1. IR-786 iodide 4
was first synthesized following a published procedure.’' Reaction
between 2,3,3-trimethyl-3H-indole with methyl iodide®? yielded
1,2,3,3-tetramethyl-3H-indol-1-ium iodide 2 which was refluxed
with  (E)-2-chloro-3-(hydroxymethylene)cyclohex-1-ene-1-car-
baldehyde 3 in n-butanol:toluene mixture for 4 h. Evaporation of
the solvent, trituration of the crude solid material in methanol fol-
lowed by filtration afforded IR-786 iodide 4 as green solid in 76%
yield. Reaction of Amoxapine 5 with IR-786 iodide 4 in acetoni-
trile:DMF (3:2) at 80 °C for 1 h followed by flash silica chromatog-
raphy (elution with 3% MeOH/DCM and trituration in hexanes)
afforded dye 1 in 24% yield as a blue solid. The optimal Amoxapine
5:IR-786 iodide 4 ratio for the reaction was found to be 5:1. Higher
temperature and reaction time longer than 1 h resulted in lower
yields presumably due to the instability of IR-786 iodide 4 to
prolonged heating at higher temperature. All dyes were stored in
the dark at - 5 °C to avoid light induced decomposition.

The absorption and emission spectra of dye 1 and IR-786 iodide
4 were measured in ethanol (Fig. 1). The absorption and emission
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Figure 1. Relative absorbance (a) and fluorescence (b) intensity of IR-786 iodide 4
and dye 1 in EtOH. Concentration: 0.5 pM. Dyes were excited at their respective
absorption maxima.
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of dye 1 shows a hypsochromic shift with respect to IR-786 iodide
4. The absorption intensity of dye 1 is approximately threefold less
than IR-786 iodide 4 whereas the fluorescence intensity is approx-
imately threefold greater than that of 4. The enhanced fluorescence
intensity could be attributed to lesser degree of fluorescence
quenching of dye 1 in ethanol as the structural modification pre-
vents formation of aggregates. The full width at half maxima for
both dyes are very similar. The quantum yield of dye 1 shows a
20% improvement over IR-786 iodide 4 (Table 1). Presence of
Amoxapine 5 moiety enhances the solubility of dye 1 in ethanol
and therefore presumably improves the quantum yield. The Stokes
shift, the difference between the absorption and emission maxima
for dye 1 is 21 nm compared to 16 nm for IR-786 iodide 4. The
molar extinction coefficient of Dye 1 is 3.5 times lower than that
of IR-786 iodide 4. The presence of Amoxapine 5 in the dye struc-
ture influences the absorption properties of the dye. Efficient bio
imaging dyes should possess cell membrane penetrability, orga-
nelle selectivity, appreciable fluorescence in the near infra-red
region to avoid back ground fluorescence, high molar extinction
coefficient, sufficient aqueous solubility and stability. Dye 1 satis-
fies these criteria and therefore amenable for cellular imaging
studies.

Fig. 2 shows the fluorescence images of HeLa cells incubated
with Dye 1 and IR-786 iodide 4. Dye 1 shows selective staining
of mitochondria, whereas IR-786 iodide 4, which is also cell perme-
able, does not show selectivity towards any organelles. Moreover,
dye 1 appears significantly brighter compared to IR-786 iodide 4,
proving its utility as a useful cellular stain. The mitochondrial
selectivity of dye 1 was confirmed by co-incubation of dye 1 with
commercially available mitochondrial stains MitoTracker Green
and MitoTracker Red (Fig. 3 and Supporting Information Figure S1).
There appears to be a clear overlap of dye 1 fluorescence with that
of MitoTracker Green and MitoTracker Red. The selectivity of the
dye 1 towards mitochondria could be attributed to the lipophilic
nature of the dye that assists with passage through the membrane
and the delocalized positive charge helps the dye to target the inte-
rior of the mitochondria, which is negatively charged.

In order to study the mitochondrial membrane depolarization
effect of dye 1, HelLa cells were incubated with dye 1 and commer-
cially available membrane permeant cyanine dye JC-12° which
preferentially accumulates in mitochondria. JC-1 fluoresces red in
normal polarized mitochondria and green in mitochondria which
is depolarized or under stress. The decrease in red/green
fluorescence intensity is indicative of mitochondrial depolarization.

Table 1

Photophysical properties of dyes in EtOH.
Dyes Abs (nm) Emiss (nm) Stokes shift (nm) € (Mol 'cm™1) Quantum yield® FWHM"
IR-786 iodide 4 778 794 16 271,600 0.031 43
Dye 1 766 787 21 77,400 0.038 435

2 Cyanine Cy5 in EtOH (¢:0.3 in Ethanol) used as a standard.
> Fwhm: full width at half maximum for the fluorescence band.
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Figure 2. Epifluorescence (a), Confocal (b), Differential interference contrast (c) images of HeLa cells labelled with IR-786 iodide 4 (top row) and Dye 1 (bottom row). Scale

bar: 20 pm.
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Figure 3. Dye 1 localized in Mitochondria (a) Dye 1 and MitoTracker Green (top)/Mito Tracker Red (bottom) co-localized in mitochondria (b) and differential interference

contrast (c) images. Scale bar: 20 um.

Treatment of Hela cells with dye 1 resulted in a concentration
dependant decrease of the red/green fluorescence intensity which
implies a decrease in mitochondrial membrane potential (Fig. 4).
Treatment of cells with 1 uM of dye 1 and 100 pM CCCP** a com-
pound which completely depolarizes mitochondria resulted in
noticeable decrease in mitochondrial membrane potential. These
results shows that dye 1 depolarizes mitochondria in a concentra-
tion dependant manner.

The cytotoxicity of the synthesized dyes 4 and 1 were deter-
mined in HeLa cell lines using CCK-8 assay and compared to com-
mercially available mitochondria stain MitoTracker DeepRed
(Table 2). All dyes were cytotoxic in a time dependant manner.
The ICso of dye 1 is 2.2 uM at 25h which is comparable to
MitoTracker DeepRed which has an ICsg of 2 pM at 25 h.

Dye 1, which is a combination of heptamethine cyanine dye
IR-786 4 and a FDA approved drug Amoxapine 5 shows good
photophysical properties in ethanol and selective staining of
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Figure 4. JC-1 assay showing dye 1 depolarizes mitochondrial membrane potential
in a concentration dependant manner.

Table 2
Cytotoxicity of dyes at different time points.

Dyes ICs0 (UM) at 4 h ICs50 (UM) at 19 h IC50 (UM) at 25 h
IR-786 18 6.7 5.6
Dye-1 6.6 23 2.2
MitoTracker 4 2.0 2.0
Deep Red

mitochondria in HelLa cells. This work paves way for future explo-
ration of similar synergistic drug-dye combinations with improved
photophysical properties and organelle selectivity. Improving the
aqueous solubility of the drug-dye system and utility of such sys-
tems to support drug discovery efforts will be investigated further.
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the online version, at https://doi.org/10.1016/j.bmcl.2018.05.001.
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