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ABSTRACT

The discovery of Pt-chlorin-type theranostic agestdescribed. Luminescent Pt(ll) 4,5,6,7-
tetrahydropyrazolo[1,8pyridine-fused chlorins, with different degrees loydrophilicity,
have been synthesized and their vitro photocytotoxicity against human melanoma,
oesophageal and bladder carcinomas was studieffhpddoxymethyl)-substituted chlorin
was identified as a privileged molecule to explionaging-guided photodynamic therapy. In
addition to the high activity as PDT agent and abseof cytotoxicityper se, this molecule
showed the ideal photophysical and photochemiagbgaties.In vivo studies using a A375



melanoma mouse model, proved the extraordinaryegpti@s of this chlorin as a luminescent
probe and the ability to impair tumor growth, makimage guided treatment and follow up a
possibility.

KEYWORDS
Pt(ll) Chlorins, Photosensitizers, Photodynamic rapg, Theranostics, Optical imaging, Luminescence
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INTRODUCTION

Photodynamic therapy (PDT) has been used in tlantent of several types of cancer.[1]

This therapy, based in the administration of a péensitizer and further irradiation with

visible light, elicits tumor cell death mainly bymgeration of reactive oxygen species (ROS)
in the tumor cells. Thus, PDT is minimally invasiwgth selective action on tumor tissue

making it a particularly interesting therapeutigegach for oncologic diseases. Furthermore,
light as controllable exogenous stimulus can atgivepecific processes including other
therapies such as chemotherapies and immunothereyiieh may contribute to complete

remission and cure of cancer.[2,3]

In PDT, light deep-tissue penetration is of maj@levance to ensure an efficient
photoactivation of the photosensitizer (PS) indide tumor. Thus, PS molecules should
absorb strongly within the phototherapeutic windénom 600 to 800 nm wavelengths, light
which bears enough energy to produce ROS, can meeper into the tissues and avoids
excitation of endogenous chromophores.[4,5]

Chlorins (dihydroporphyrins) are efficient porpmaderived PSs activated by the
biologically friendly near-infrared (NIR) light. Aong these macrocycles, either currently
approved or in clinical trialsmtetrahydroxyphenylchlorin (Temoporfin or Foscam),
benzoporphyrin (Verteporfin) and Radachlorin (mmetef sodium salts of chlorin €6, chlorin
p6 and purpurine) stand out.[6-15]

Porphyrin-type photosensitizers developed by owugr a new type of stable 4,5,6,7-
tetrahydropyrazolo[1,8]pyridine-fused chlorins obtained via @82x] cycloaddition of
diazafulvenium methides with porphyrins, provedbi® very active photodynamic agents
against several types of cancer, particularly agaimelanoma (Figure 1).[16-19]

Theranostics, which is the integration of imagingl @¢herapy in a single system, allows
simultaneous image-guided therapy and follow-upheftreatment outcome at an early stage,
making it possible to increase treatment efficieff)] The development of new theranostic
agents is a challenging and demanding research syoz it requires the development of
biological active molecules with the necessary proes for imaging. Nevertheless, it was
recently demonstrated that the incorporation ofglaginum (ll) into the structure of 4,5,6,7-
tetrahydropyrazolo[1,5-a]pyridine-fused chlorinsads to molecules with features of



theranostic agents.[16] These compounds showed {gbd emission (fluorescence and
phosphorescence), in solution at room temperairtbge biologically important 700-850 nm
near-infrared spectral region. They have a highntiaéand photochemical stability, with the
phosphorescence strongly quenched by oxygen, whiakes them excellent materials for
use in biological imaging and act as oxygen serd@is
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Figure 1. Chemical structures of 4,5,6,7-tetrahydropyrazptep]pyridine-fused chlorins.

Herein, further studies on near-infrared luminesdetfll) 4,5,6,7-tetrahydropyrazolo[1,5-
alpyridine-fused chlorins are described. The synthe$ a set of platinum chlorins was
carried out andn vitro photodynamic therapy outcome against human melanesophageal

adenocarcinoma and bladder carcinoma cell lines exatored. Furthermore, the proof of
concept of fluorescence imaging diagnostic and quhotamic treatment with the lead
photosensitizer of the series, using Bmvivo melanoma mouse model is disclosed.
Biodistribution and pharmacokinetics using its imgic bioluminescent properties are also
reported.

RESULTS AND DISCUSSION
Synthesis of Platinum (I1) Ring-fused Chlorins

Platinum(ll) 4,5,6,7-tetrahydropyrazolo[1afpyridine-fused chlorins with phenyl, 4-
chlorophenyl and 4-methoxyphenyl substituents atriso positions were synthetized using



the previously described strategy.[16] The phedythlorophenyl and 4-methoxyphenyl
porphyrinsla-c were obtained using acid acetic/nitrobenzene lagisoand oxidant in 20, 33
and 31 % vyield, respectively.[21] The correspondiigtinum (Il)-complexea-c were
obtained in high yields through microwave-inducedtaation, using Ptglas the metal
source. The chlorin core was obtained[By+2r] cycloaddition of the Pt(Il)-complexe
with the 1,7-dipole diazafulvenium methide, geredain situ from dimethyl 2,2-dioxo-
1H,3H-pyrazolo[1,5€][1,3]thiazole-6,7-dicarboxylate through thermal S&xtrusion, under
microwave irradiation.

The modulation of the hydrophilicity of the Pt(dhlorins was achieved through reduction of
the methoxycarbonyl substituents of chlorBesc into hydroxymethyl groups and base-
promoted hydrolysis of the esters into the corredpw carboxylic acid groups. The
dicarboxylic derivativesda-c were obtained by carrying out the hydrolysis wathueous
KOH in THF at room temperature leading to the taggenpounds in yields ranging from 61
to 88%. The optimized reduction conditions previgwescribed for the synthesis of chlorin
5a, using LiAlH, as reducing agent, were applied in the preparatiati(hydroxymethyl)-
substituted chlorins5b-c (Scheme 1).
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2b Ar = 4-chlorophenyl 58%
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Scheme 1.Synthesis of chlorins with methoxycarbon$b-c, carboxylic 4ac and hydroxymethyl5a-c
substituents.



The synthetized Pt(ll)-macrocycles show the charétic absorption spectra of chlorin
derivatives, with the Soret band around 400 nm thedQ band at the higher wavelength
around 590 nm. The higher hydrophilicity lofdroxymethyl and dicarboxylic acid chlorin
derivatives allows their solubilization at low cemtrations in PBS solutions allowing to
overcome the severe aggregation problems obseorethd diester derivative3 (see Sl).
Aggregation dramatically reduces singlet oxygen egation capacity decreasing the
photodynamic efficiency of the sensitizer. Therefdhe cytotoxicity studies were performed
with chlorins 4 and 5 bearing the carboxylic acid anbydroxymethyl substituents,
respectively.

Chlorins 4a and 5a are the Most Photocytotoxic

The photocytotoxicity of chlorin8a-c, 4a-c and 5a-c against bladder carcinoma (HT1376),
esophageal carcinoma (OE19) and melanocytic melan@&®75) cell lines are presented in
Figure 2. The experimental results were adjustesigmoid dose-response curves allowing to
calculate the Igy values and the respective 95% confidence interniedslg shown in the
Table 1.
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Figure 2. Sigmoid dose-response curves for chlodas and5a-c against melanoma A375 (left), oesophageal
carcinoma OE19 (middle) and bladder carcinoma HT61@ight) cells. The analysis was performed 24r&ou
after PDT (irradiation wavelength 500 nm). Data points represent mean=SD. Expetimhessults of chlorin
5aagainst A375 cells are as previously repofted.
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Table 1.1Cxq levels of chlorida-cand5a-cin melanoma (A375) cell lines, oesophageal carmam¢OE19) and
human bladder carcinoma (HT1376).*

Chlorin  |A375 cells OE19 cells HT136 cells

IC 50 = Clgsg, (NM) IC 50 = Clgsg (NM) IC50% Clgse, (NM)
3a-c > 10 000 > 10000 > 10 000
da 166 [77; 357] 508 [322; 802] 1098 [797; 1513]
4b 2149 [1041; 4437] 3551 [1180; 10 683]| 6595 [545436]
4c 433 [182; 1083] 2599 [1854; 3616] 2300 [889; BP5




5a 144 [122; 171] 306 [167; 560] 1657 [1147; 2396]

5b 3376 [1568; 7271] 5644 [5089; 6259] > 10 000

5¢ 1397 [892; 2188] 1443 [744; 2799] > 10 000

*irradiation wavelengtt» 500 nm ** as previously reportéd.

Diester-substituted chlorin8a-c did not present significant photocytotoxic acivitAs
expected, the more polar compounds, with carboxadid or hydroxyl substituents, prove to
be more potent. The more active chlorin bearingp@aylic acid substituents was chloda,
with 1Cso values of 1098 nM in bladder carcinoma cell lif€)8 nM in oesophageal
carcinoma cell line and 166 nM against melanomalced. Nevertheless, the most active
compound was di(hydroxymethyl)-substituted chidawith the lowest 16, values against
the oesophageal carcinoma cell linesgl€ 306 nM) and, as previously reported, amylC
value of 144 nM against the melanoma cell line.[C&]orin 5a was also particularly active
against bladder carcinoma cell line {4& 1657 nM).

In previous studies, we observed that the free blakein, corresponding to platinum chlorin
5a, was very active against melanoma A375 cells shgwan 1G, value of only 31 nM as
well as against another human melanoma cells (@88) ICso = 231 nM.[18] The results
obtained on Pt(Il)-di(hydroxymethyl)-substitutediain 5a are indicative that the presence
of the platinum ion does not impair photocytototyicsince 1@y values in the nano-molar
range were still observed. Moreover, the incorponadf this high atomic number metal ion
allows for room temperature phosphorescence witienbiological spectral window making
these Pt(l1)-ring-fused chlorins particularly irgeting dyes to be used as theranostic agents.

In addition to the high activity and suitable phatgsical and photochemical properties,
chlorins4a and5a did not show significant cytotoxicitger se, that is, in the absence of light

activation, not only in the human cancer cell libes also in the human no-malignant human
fibroblast HFF-1 cells (see Supporting Informatibigure S12).

These exciting results justified further studiestlo® mechanism of action of the more active
compounds in the human melanoma A375 cell line.

Chlorins 4a and 5a Photocytotoxicity is Mainly Mediated by Singlet Oxygen

Type | photodynamic reaction results in the promucROS such as superoxide, hydrogen
peroxide and hydroxyl radical through oxidatiorbadmolecules while in the type Il reaction
there is production of singlet oxygen, considefrezrmost deleterious species in PDT.[22] To
evaluate the contribution of singlet oxygen in ¢théorins4a and5a (singlet oxygen quantum
yield = 0.58)[16] mediated PDT, photocytotoxicityidies were carried in the presence of a
quencher of this species.[23] As can be observedrigure 3A, there is a significant
impairment of photocytotoxicity of both chlorida and 5a (p<0.01) in the presence of
sodium azide. This evidences the preponderancenglies oxygen generation in chlorids
and5a mediated PDT and, therefore, the ability of thelsetosensitizers to elicit the type I
photodynamic reaction.



Photocytotoxicity of chloringla and5a in the presence of hydroxyl radical scavenger was
also evaluatedrigure 3B shows thathe presence of this inhibitor did not influencethe
observed photocytotoxicity of chlorin 4a but there was some impairment in the case of
chlorin 5a (p<0.05). Intracellular concentration of super@xahion was slightly imbalanced,
particularly with chlorin4a (p<0.05) and in the highest concentration of ¢hl&a (p =
0.003) (Figure 3C).

Regarding peroxides (Figure 3D), PDT induced dessred the intracellular concentration of
this species with both chloriba and chlorin4a. In the case of chloriba this effect was
already observed at concentrations equal or superi®0 nM. This data shows that not only
singlet oxygen but also type | photodynamic reaci®OS are involved in chloriha and5a
mediated PDT.

Reduced glutathione is an antioxidant enzyme capalbl eliminating free radicals and
reducing peroxides.[24] As can be observed in [Ei@kE, this defense was not significantly
altered in response to the photodynamic treatment.
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Figure 3. Photocytotoxicity of chloringla and 5a in the human melanoma A375 cells in the preserica o
singlet oxygen quencher (A) and of a hydroxyl ratliscavenger (B). Significant differences relatiwecell
cultures treated in the absence of the inhibitoespaesented with an *. Intracellular productiorR®S, namely
superoxide anion (C) and peroxides (D), and vamiatif reduced glutathione (E) in the human meland3izb
cells after PDT. The analyses were carried outd#safter PDT. Results are presented as meant&tistisal
significance: *p<0.05; **p<0.01; ***p<0.001.

Chlorin 5a-mediated PDT Induces Cell Death Associated with Disruption of Mitochondrial
Membrane Potential

The populations of cells in death by apoptosi® &ioptosis and necrosis are influenced by
the photodynamic treatment with the photosensigidarand5a, as shown in the Figure 4A.



24 hours after PDT with chlorida, significant reduction of living cells was obsedydo
75.3348.21% (p=0.036) at 250 nM and to 42.17+10.28p«0.001) at 500 nM.
Concomitantly, there was a significant increasapnoptosis cells to 11.00+3.63% (p<0.001)
at 250 nM while a significant increase of deathdig apoptosis (6.00+1.79%, p=0.001) and
by necrosis (45.00+12.92%, p=0.001) was seen anB00In a similar manner, chloriba-
mediated PDT led to a significant reduction of Wnbility to 77.83+10.57% (p=0.048; 250
nM) and to 63.67+11.81% (p<0.001; 500 nM solutidR¢garding the type of cell death, a
significant increase of apoptosis (to 7.667+2.16p%0.003, 50 nM), late apoptosis
(8.83+3.87%, p=0.006, 250 nM) and necrosis (27.8323%, p=0.002, 500 nM) were
observed.

Although both apoptosis and necrosis were initis@edconsequence of chloria and 5a
based PDT, the onset of necrosis is observed prafally with the higher concentrations.
The same type of cell response was also previaisgrved after PDT with free base ring-
fused 5,15-diphenylchlorins.[17]

It was also at the highest concentration of 500 thslt a significant disturbance of the
mitochondrial membrane potential was observed &tef with chlorin5a (13.66+0.50,
p=0.042; see Figure 4B). The mitochondrial membnaoiential reflects the mitochondrial
function and the activity of the electron transpcingin. Potential disruption is associated
with apoptosis once it usually precedes releasgtocrom C, SMAC or AlIF. Severe damage
to mitochondria is also a feature of several typlesegulated necrosis, which in some cases
follows the generation of reactive oxygen spediS$).[25]
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Figure 4. Types of cell death (A) and mitochondrial membrpotential (B) after PDT with the chlorids and
5ain the human melanoma A375 cells (light dose offLOMitochondrial membrane potential is expressed
the monomer/aggregate ratio. Both analyses wenmgedaout 24 hours after PDT. Results are preseasd
mean+SE. Statistical significance: *p<0.05; **p<0.&%*p<0.001.



Chlorin 5a-Mediated PDT May Elicit a Cytostatic Effect

Cell cycle analysis shows that after PDT with cimala (at the highest concentration of 500
nM) in human melanoma A375 celisomoted a slight decrease of the cell population i
GO/G1 from 69.17+2.93% to 66.67+9.20 (p=0.033). iAxikar trend was observed with
chlorin 5a (500 nM) based PDT, the cell population in GO/Gkrdased to 54.17+3.66%
(p<0.001) being compensated with the increase efnihmber of cells in S-phase (from
18.17+3.76% to 28.17+5.08%, p=0.045).

As can be observed in Figure 5, the cell cycler gftmtodynamic treatment with chlorida
and5a s in line with previous studies with the free baise-fused 5,15-diphenylchlorifis
and meso-tetraarylchlorins.[18] The alterations observed thé higher concentrations,
particularly with chlorinba, are compatible with a cytostatic effect.
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Figure 5. Cell cycle after PDT with the chlorinka and5a in the human melanoma A375 cells (light dose of
10 J). Analysis was carried out 24 hours after PEREpresentative plots of cell cycle distributidrcontrol cell
cultures (A) and photosensitized with 500 nM chiata (B) and5a (C). Results for chlorida (D) and5a (E)

are presented as mean+SE. Statistical significape€.05; **p<0.01, ***p<0.001.

Chlorin 5a with Ideal Photophysical Propertiesfor a Luminescence | maging Probe

Chlorin 5a presents absorption bands at 400, 486, 555 anafsodnd fluorescence bands at
598 and 644 nm in aqueous micellar system (Twe®&M80O/water (2:2:96, v/v/v). The

fluorescence quantum yield in very lowH = 0.0001) and independent of the oxygen
concentration while the phosphorescence quanturtd yaé room temperature depends
quantitatively on the dissolved oxygen concentratiothe solution, varying from 0.0002 in

oxygen saturated solutions to 0.068 in nitrogerursééd solutions. Furthermore, the
phosphorescence lifetime 6& changed from 11.8s in oxygen saturated solutions to 30.9



MsS in nitrogen saturated solutions.[16] These lusteat properties makes chlortia an
excellent candidate to be used as probé&Tfervo andex vivo luminescence imaging.

In vivo Chlorin 5a-based Tumor Imaging and Chlorin 5a Biodistribution: Accumulation is
Maximal Seven Days After Administration

Biodistribution was assessed over the time througble-body bioluminescence imaging of
nude mice bearing a melanoma tumor in the armpgu(eé 6 and 7). In the case of the
treatment group, the fluorescence images were atete after the intraperitoneal
administration of 50QuL of 5a solution in Tween80/DMSO/saline solution (2:2:9%y/v)
with 100 pg/mL concentration. Acquisition was performed watkcitation at 405 nm and a
fluorescence emission filter at 695-770 nm. Expesifrmice to irradiation with 405 nm did
not determine significant autofluorescence in thege of 695-770 nm, except in the
abdominal area, as can be observed in Figure 7. @rhission is probably due to the
contents of the intestines where molecules as filireldin’s typical of the gastrointestinal
tract and metabolites originated from mice diet amne contained, as well as, due to the
hepatobiliary route of elimination of chlorba.

Figure 6B shows the images of the organs, wheredk@dual area were drawn to obtain the
epifluorescence variation (that is, epifluorescenteertain organ from chloriba treated
mice vs. epifluorescence in the same organ from untreatieg)npresented in the graph of
Figure 6A. At the first timepoint, 24 hours aftednainistration, the photosensitizer
accumulated preferentially in tumor, skin, liveldrkey and bladder. The initial accumulation
in highly perfused organs such as liver, lung ankys is common due to rapid distribution
in the bloodstream. In the first days after adntiatson of the photosensitizer, the
concentrations remained relatively constant in esgsuch as the liver, kidneys and bladder
pointing to combined hepatobiliary and renal rowtkeexcretion. In fact, chloriba presented

a slow pharmacokinetics, as expectable due to itjie holecular weight and the solubility
properties.

The high accumulation in skin in the first 24 hodexreased gradually during the following
days, probably representing a short period of @etsitivity to daylight exposure. On the
contrary, concentration in the tumor and in the cleughcreased, but in different proportions.
The concentration in muscle increased until théh fday and remained constant for the
subsequent days. However, in the tumor the coratganrincreases three-fold (regarding the
first 24 hours) until the seventh day, where eliation from this tissue seems to start. This
kinetics determines a favorable tumor to skin anddr to muscle ratios, seven to ten days
after administration, as shown in the Figure 7AeSérdata points to an appropriate time to
perform the therapeutic treatment from seven to daws after sensitizer administration,
where the balance between the high accumulatidonmor and low skin photosensitivity is
maximized.

Chlorin 5a mediated PDT Impairs Tumor Growth in vivo

10



Considering biodistribution studies results, a grofi tumor bearing Balb-c nu/nu mice was
submitted to chlorirba mediated PDT, considering a drug light intervalseffen days and
two drug doses, 1 mg/kg and 2 mg/kg. Figure 7B shtwe relative tumor volume of the
three groups of mice. The untreated control graupors volume increased up to 5-fold
during the 12 days of follow up. In treated animis tumor development has significantly
slowed down and the group where a 2 mg/kg drug d@seused only a 2-fold increase was
observed 12 days after PDT. Thus, PDT with chl&éarimpairs tumor growthn vivo. This
can be confirmed with the Kaplan-Meier analysid #teows significant difference regarding
the probability of tumors reaching double its @mlitvolume between the groups, animals
submitted to PDT with chloriba and the untreated controls (p=0.006).
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Figure 6. Biodistribution of chlorinsa in Balb-c nu/nu mice. The epifluorescence variaf{d) corresponds to
the ratio between the sum of epifluorescence iitieimsa certain organ vs. the sum of epifluoreseemtensity

of the same organ of an animal not submitted tgptiwosensitizer. The values were obtained by drgegual
ROIs in the images acquired. In the image (B) anews representative organs used to obtain the
epifluorescence variation. Organ images were rage@ for illustration purposes. Full images arevstio
supporting information, Figure S13.
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Figure 7. Tumor vs. skin and tumor vs. muscle ratio up tadags after chlorifba administration (A). Kaplan-
Meier curves of the probability of tumors not reiaghtwo-times its initial volume, for different tienpoints.
Relative tumor volume of xenografts of animals siited to PDT with chlorin5a (1 mg/kg and 2 mg/kg)
compared to untreated controls (B). RepresentdiisRiminiscence images obtained 5, 7 and 10 datgs af
chlorin 5a administration (C). All animais have a xenografthie axilary region. The animal identified witil
was administered with chloria and animal identified wittm2 is a control group animais not submitted to
fotosensitizer. The images obtained for the sanmala 1 and 15 days after administration are presein the
supporting information, Figure S14.

CONCLUSION

The synthesis of platinum(ll) 4,5,6,7-tetrahydramolo[1,5a]pyridine-fused chlorins with
different degrees of hydrophilicity have been sgsthed and their evaluation as PDT agents
was carried out. Among the studied photosensitizéihydroxymethyl)-substituted
chlorin 5a stood out as the more promising molecule.

Chlorin 5a proved to be a new theranostic agent to be uséahn@niscence imaging probe
and photosensitizer. This chlorin was aciimesitro against human melanoma, oesophageal
and bladder carcinomas, more active than the qwreing analogues where the
hydroxymethyl groups were replaced by methoxycayb@and carboxylic acid groups.
Chlorin 5a did not show cytotoxicityper se, both in tumor and in fibroblast cells, showing
that light is a requirement for the observed attivihis cytotoxicity, in the case of chlorin
5a, is mediated mainly by singlet oxygen inducingl celath with mitochondrial disruption
and possibly cytostatic effedn vivo studies using a A375 melanoma/mouse model, proved
the extraordinary properties of chlorta as a luminescent probe. The tumor-imaging and
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biodistribution of chlorin5a allowed to establish the appropriate time to penfdhe
therapeutic treatment, where the high accumulatidomor and low skin photosensitizing is
maximized. Irradiation of tumor-bearing mice inghime-point significantly impaired tumor
growth, make image guided treatment and follow ossibility.

EXPERIMENTAL

General experimental methods

Commercially available high-grade materials andjeedés were used as received. Organic
solvents were purified by standard literature pdoces prior to utilization.[26] Microwave-
assisted reactions were carried out with a CEM @sc S-Class focused microwave reactor
featuring continuous temperature, pressure andomare power control, under closed
vessel conditions. Reaction monitoring was madettby layer chromatography (TLC)
analysis on Si@60 Fsscoated aluminum plates and via UV-vis absorptipactroscopy,
using a PG Instruments T80, Shimadzu UV-2100 omctit U-2001 spectrophotometer.
Flash column chromatography was performed using 8$®(35-70 um) as the stationary
phase. Melting points were determined with a FALC3RA67 electrothermal apparatus,
using open glass capillaries, and are uncorreti¥evis absorption spectra were obtained on
a PG Instruments T80 or Shimadzu UV-2100 spectrgpheter using standard 1 cm-wide
quartz cuvettes. Maximum wavelengthig ére given in nanometers. NMR spectra were
recorded at room temperature with a Bruker Avariceplectrometer, operating at 400 MHz
(*H) and 100 MHz MHz ¢C). Tetramethylsilane (TMS) was used as internahdsrd.
Chemical shiftsd) are expressed in parts per million related to TAn8 coupling constants
(J) are conveyed in hertz. HRMS spectra were obtawd#d a Waters Micromass VG
Autospec M ESI-TOF spectrometer.

Synthesis

Pt(Il) porphyrin2a-b[27] were prepared following a literature procedi2&] Pt(Il) porphyrin
2c was obtained similarly as a dark-purple solid #47 yield, after purification by flash
column chromatography (dichloromethane). Mp (°C308; UV-vis (acetone)imax (hm) =
398, 510, 537*H NMR (400 MHz, CDCJ): § (ppm) = 8.77 (s, 8H3-H pyrrolic), 8.04 (d,J
= 8.5 Hz, 8H, Ar), 7.24 (d) = 8.5 Hz, 8H, Ar), 4.06 (s, 12H, OMeY'C NMR (100 MHz,
CDCl): o (ppm) = 159.4, 143.1, 134.9, 133.8, 130.6, 118%6; HRMS (ESI): m/z =
927.2371 (found), 927.2383 (calculated fasHzsN4O4Pt, M).

Pt(ll) chlorins3a, 3b and 3c were synthesized according to a synthetic apprpaetiously
described by us, under microwave irradiation.[18, 28, 29] Products were isolated as a
purple solids after purification by flash chromatamghy using CHCl,/ethyl acetate (95:5) as
eluent.

Chlorin 3b was obtained in 12% vyield. Mp (°C) > 300; UV-vacétone)imax (nm) (relative
absorbance, %) = 400 (100), 483 (6.30), 553 (7.59), (30.82);'H NMR (400 MHz,
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CDCly): 6 (ppm) = 8.38 (s, 2H3-H pyrrolic), 8.36 (dJ = 5.0 Hz, 1HB-H pyrrolic), 8.35 (d,
J=5.0 Hz, 1HB-H pyrrolic), 8.13 (dJ = 5.1 Hz, 1HB-H pyrrolic), 8.10 (dJ = 5.1 Hz, 1H,
B-H pyrrolic), 8.01-7.95 (m, 3H, Ar), 7.92-7.85 (dH, Ar), 7.78-7.72 (m, 4H, Ar), 7.69-7.60
(m, 6H, Ar), 5.70-5.63 (m, 1H, reducdddH pyrrolic), 5.38-5.31 (m, 1H, reducegiH
pyrrolic), 4.38 (ddJ = 13.6, 7.4 Hz, 1H, CHfrom fused ring), 3.91-3.85 (m, 1H, Gifom
fused ring), 3.89 (s, 3H, GBle), 3.79 (s, 3H, CeMe), 3.54 (ddJ = 15.9, 6.7 Hz, 1H, CH
from fused ring), 2.56 (dd) = 15.9, 10.1 Hz, 1H, CHfrom fused ring);">*C NMR (100
MHz, CDCk): ¢ (ppm) = 162.4, 162.0, 150.9, 148.4, 146.3, 1454B,0, 142.9, 138.9, 138.8,
138.4, 138.2, 138.0, 135.8, 135.7, 135.6, 135.4,513.34.3(3), 134.3(0), 134.2(3), 134.2(0),
132.6, 132.4, 132.3, 129.2, 129.0, 128.7, 128.7,.6(2), 127.5(7), 127.4, 126.2, 126.1,
125.7, 125.4, 112.4, 112.2, 110.8, 52.6, 51.7,,48605, 43.2, 26.1; HRMS (ESI): m/z =
1153.1021 (found), 1153.1038 (calculated fegHG4CluNgOsPt, M").

Chlorin 3c was obtained in 12% yield. Mp (°C) > 300; UV-vacétone)imax(nm) (relative
absorbance, %) = 405 (100), 485 (5.84), 553 (8.52)) (30.71);'H NMR (400 MHz,
CDCly): 6 (ppm) = 8.44 (dJ = 5.1 Hz, 1H,3-H pyrrolic), 8.42 (d,J = 5.1 Hz, 1H,3-H
pyrrolic), 8.39 (dJ = 5.1 Hz, 1HB-H pyrrolic), 8.38 (dJ = 5.1 Hz, 1HB-H pyrrolic), 8.16
(d, J = 5.0 Hz, 1HB-H pyrrolic), 8.14 (dJ = 5.0 Hz, 1HB-H pyrrolic), 7.98-7.81 (m, 8H,
Ar), 7.28-7.25 (m, 2H, Ar), 7.19-7.08 (m, 6H, AB,78-5.65 (m, 1H, reducgsiH pyrrolic),
5.36-5.29 (m, 1H, reducegiH pyrrolic), 4.42 (ddJ = 13.6, 7.8 Hz, 1H, CHfrom fused
ring), 4.09-4.04 (m, 1H, CHrom fused ring), 4.02 (s, 6H, OMe), 4.01 (s, 8Me), 4.00 (s,
3H, OMe), 3.90 (s, 3H, CMe), 3.74 (s, 3H, CeMe), 3.57 (ddJ = 15.9, 6.5 Hz, 1H, CH
from fused ring), 2.51 (dd] = 15.9, 10.1 Hz, 1H, CHfrom fused ring);*C NMR (100
MHz, CDCk): 6 (ppm) = 162.6, 162.2, 159.6, 159.5, 159.4, 15148,6, 146.7, 146.6, 143.5,
142.9, 138.7, 138.5, 136.1, 135.9, 135.6, 135.4,413134.3, 133.2, 132.9, 132.4, 132.3,
132.2,132.1, 127.4(2), 127.3(8), 126.5, 126.3,9(29, 125.8(6), 114.2, 113.8, 113.7, 113.3,
112.9, 112.7, 112.5, 110.7, 55.5, 55.4(4), 55.44Q)6, 51.5, 49.3, 45.5, 43.3, 26.2; HRMS
(ESI): m/z = 1137.3007 (found), 1137.3023 (caledaor G;H4sNsOsPt, M').

General procedure for the synthesis of Pt(Il) chloins 4

To a solution of the respective Pt(ll) chlofn(0.025 mmol) in THF (5 mL) was added
saturated aqueous KOH (1 mL) and the reaction mextas left stirring at room temperature
overnight. After evaporation of the solvent, watgrmL) was added to the crude product
mixture, followed by cooling to 0 °C and neutratina by the careful addition of aqueous 1
M HCI. The resulting thin solid was filtered off ashed with water and then purified by flash
column chromatography using @El,/methanol (90:10) as eluent. Pt(Il) chloriha-c were
obtained as purple solids.

Pt(Il) chlorin 4a was obtained in 61% vyield fron3a following the general procedure. Mp
(°C) > 300; UV-vis (acetone)max (nm) (relative absorbance, %) = 399 (100), 4851(p.
553 (6.74), 590 (20.23}H NMR (400 MHz, DMSO-g): § (ppm) = 8.33 (dJ = 5.0 Hz, 1H,
B-H pyrrolic), 8.32 (dJ = 5.0 Hz, 1HB-H pyrrolic), 8.30 (dJ = 5.0 Hz, 1HB-H pyrrolic),
8.29 (d,J = 5.0 Hz, 1HB-H pyrrolic), 8.21 (tJ = 8.1 Hz, 2H, Ar), 8.15 (d] = 5.0 Hz, 1H}-
H pyrrolic), 8.11-8.04 (m, 2H, Ar), 8.07 (d= 5.0 Hz, 1HJB-H pyrrolic), 8.02 (dJ = 7.3 Hz,
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2H, Ar), 7.99-7.96 (m, 2H, Ar), 7.92 @,= 7.3 Hz, 1H, Ar), 7.84-7.68 (m, 11H, Ar), 5.97-
5.91 (m, 1H, reducefl-H pyrrolic), 5.61-5.55 (m, 1H, reducgdH pyrrolic), 4.29 (ddJ =
13.4, 6.3 Hz, 1H, Ckifrom fused ring), 4.04 (dd,= 13.4, 6.3 Hz, 1H, CHfrom fused ring),
3.50-3.39 (m, 2H, overlapping peaks £tbm fused ring and $D); HRMS (ESI): m/z =
990.2370 (found), 990.2366 (calculated f@iHzsNsO4Pt, [M+H]").

Pt(Il) chlorin 4b was obtained in 88% vyield fron3b following the general procedure. Mp
(°C) > 300; UV-vis (nm) (acetone)max (relative absorbance, %) = 398 (100), 483 (4.86),
554 (6.86), 591 (24.97H NMR (400 MHz, DMSO-g): § (ppm) = 8.35 (dJ = 5.0 Hz, 1H,
B-H pyrrolic), 8.33 (dJ = 5.0 Hz, 1HB-H pyrrolic), 8.32 (dJ = 5.1 Hz, 1HB-H pyrrolic),
8.31 (d,J = 5.1 Hz, 1HB-H pyrrolic), 8.21 (dJ = 8.2 Hz, 2H, Ar), 8.14 (d] = 5.1 Hz, 1H,
B-H pyrrolic), 8.13-8.10 (m, 1H, Ar), 8.09 (d,= 5.1 Hz, 1H-H pyrrolic), 8.05-7.95 (m,
6H, Ar), 7.88 (ddJ = 8.2, 2.3 Hz, 1H, Ar), 7.82-7.74 (m, 6H, Ar), 8:9.88 (m, 1H, reduced
B-H pyrrolic), 5.63-5.58 (m, 1H, reducgdH pyrrolic), 4.26 (ddJ = 13.6, 6.0 Hz, 1H, CH
from fused ring), 4.10 (dd] = 13.6, 6.0 Hz, 1H, CHifrom fused ring), 3.47-3.40 (m, 2H,
overlapping peaks CHrom fused ring and 0); HRMS (ESI): m/z = 1125.0487 (found),
1125.0464 (calculated fors@H3oClsNgO4Pt, M').

Pt(Il) chlorin 4c was obtained in 76% vyield fron3c following the general procedure. Mp
(°C) > 300; UV-vis (nm) (acetone)max (relative absorbance, %) = 403 (100), 485 (5.75),
553 (7.45), 590 (25.44jH NMR (400 MHz, DMSO-g): § (ppm) = 8.36 (dJ = 5.3 Hz, 1H,
B-H pyrrolic), 8.35 (dJ = 5.3 Hz, 1HB-H pyrrolic), 8.32 (dJ = 4.9 Hz, 2H, overlapping-

H pyrrolic), 8.14 (dJ = 4.9 Hz, 1HB-H pyrrolic), 8.10-8.07 (m, 1H, Ar), 8.09 (d= 4.9 Hz,
1H, B-H pyrrolic), 7.99 (dJ = 8.4 Hz, 1H, Ar), 7.95 (d] = 7.4 Hz, 1H, Ar), 7.91-7.89 (m,
1H, Ar), 7.87-7.84 (m, 3H, Ar), 7.44-7.43 (m, 1Hr)A7.36 (dd,J = 8.2, 2.1 Hz, 1H, Ar),
7.29-7.18 (m, 7H, Ar), 5.94-5.84 (m, 1H, redugkeHl pyrrolic), 5.58-5.52 (m, 1H, reduced
B-H pyrrolic), 4.29-4.23 (m, 1H, CHfrom fused ring), 4.02-4.00 (m, 1H, GHrom fused
ring), 3.99 (s, 3H, OMe), 3.98 (s, 3H, OMe), 3.%, 6H, OMe), 3.50-3.45 (m, 2H,
overlapping peaks CHrom fused ring and $¥0); HRMS (ESI): m/z = 1109.2720 (found),
1109.2710 (calculated forsgH4oNgOgPt, M").

Pt(Il) chlorins 5b and 5¢ were prepared following a procedure similar to thegviously
reported for5a° and were obtained as purple solids after beingdfipdrby flash column
chromatography [ethyl acetate/methanol (95:5)]).

Pt(Il) chlorin 5b was obtained in 73% vyield fror@b (reaction time: 5 h). Mp (°C) > 300;
UV-vis (acetone)imax (nm) (relative absorbance, %) = 399 (100), 4881%5.554 (7.68), 592
(27.51):*H NMR (400 MHz, CDCJ): 6 (ppm) = 8.32 (dJ = 5.1 Hz, 1H-H pyrrolic), 8.30
(s, 2H,B-H pyrrolic), 8.29 (dJ = 5.1 Hz, 1H8-H pyrrolic), 8.11 (dJ = 5.0 Hz, 1HB-H
pyrrolic), 8.06 (dJ = 5.0 Hz, 1HB-H pyrrolic), 7.91 (dJ = 8.2 Hz, 2H, Ar), 7.87-7.78 (m,
5H, Ar), 7.70 (ddJ = 8.2, 2.1 Hz, 1H, Ar), 7.67 (dd,= 8.2, 2.1 Hz, 2H, Ar), 7.60-7.57 (m,
5H, Ar), 7.54 (ddJ = 8.2, 2.1 Hz, 1H, Ar), 5.61-5.54 (m, 1H, redugeH pyrrolic), 5.28-
5.21 (m, 1H, reducep-H pyrrolic), 4.43-4.34 (m, 2H, Ci#DH), 4.17-4.09 (m, 2H, C}DH),
4.11-4.05 (m, 1H, CHfrom fused ring), 3.80 (dd] = 13.3, 9.0 Hz, 1H, CHfrom fused
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ring), 2.85 (ddJ = 15.4, 6.4 Hz, 1H, CHfrom fused ring), 2.41 (dd} = 15.4, 9.6 Hz, 1H,
CH, from fused ring);*C NMR (100 MHz, CDG)):  (ppm) = 151.6, 149.5, 149.4, 146.1,
146.0, 138.9(1), 138.8(7), 138.6, 138.0, 137.8,.4,3135.7, 135.5, 135.2, 134.8, 134.5,
134.4, 134.2, 132.7, 132.6, 132.3, 132.2, 129.8.92128.4, 127.9, 127.4, 127.3, 126.1,
126.0, 125.4, 125.2, 114.9, 112.3, 112.0, 57.8,58.3, 45.8, 44.0, 24.9; HRMS (ESI): m/z
=1097.1165 (found), 1097.1140 (calculated feiHz.ClsNeO-Pt, M").

Pt(Il) chlorin 5¢c was obtained in 20% vyield fror8c (reaction time: 32 h). Mp (°C) > 300;
UV-vis (acetone)imax (relative absorbance, %) = 403 (100), 485 (6.654% (8.74), 589
(24.05):*H NMR (400 MHz, CDCJ): 6 (ppm) = 8.42 (s, 2H3-H pyrrolic), 8.39 (d,J = 5.0
Hz, 1H, B-H pyrrolic), 8.37 (dJ = 5.0 Hz, 1HB-H pyrrolic), 8.16 (dJ = 5.0 Hz, 1H$-H
pyrrolic), 8.13 (dJ = 5.0 Hz, 1HB-H pyrrolic), 7.95 (ddJ = 8.3, 2.2 Hz, 2H, Ar), 7.89-7.86
(m, 3H, Ar), 7.81 (ddJ = 8.3, 2.2 Hz, 1H, Ar), 7.66 (dd,= 8.3, 2.2 Hz, 1H, Ar), 7.23 (dd,

= 8.4, 2.7 Hz, 2H, Ar), 7.20-7.15 (m, 5H, Ar), 7.4d®,J = 8.4, 2.7 Hz, 1H, Ar), 7.08 (dd,

= 8.4, 2.7 Hz, 1H, Ar), 5.72-5.65 (m, 1H, redudeHl pyrrolic), 5.31-5.25 (m, 1H, reduced
B-H pyrrolic), 4.56 (s, 2H, CkOH), 4.28-4.21 (m, 2H, C4#OH), 4.21-4.17 (m, 1H, CHrom
fused ring), 4.03 (s, 3H, OMe), 4.02 (s, 3H, OM298 (s, 3H, OMe), 3.97 (s, 3H, OMe),
3.92 (ddJ = 8.7, 4.7 Hz, 1H, CHfrom fused ring), 2.95 (dd,= 15.3, 6.4 Hz, 1H, Ckfrom
fused ring), 2.46 (ddJ = 15.3, 10.1 Hz, 1H, CHfrom fused ring); HRMS (ESI): m/z =
1081.3156 (found), 1081.3121 (calculated fesHGeNeOsPt, M").

Cell culture conditions

Bladder carcinoma cell line HT1376 and melanoma loed A375 were obtained from the
American Type Culture Collection (ATCC, CRL-1472da@RL-1619, respectively). The
esophageal carcinoma cell line is designated OEIBveas obtained from the European
Collection of Cell Cultures (ECACC, JROECL19). Te¢wll lines were cultured according to
the supplier's recommendations. The HT1376 and AB&5 cell lines were cultured in
Dulbecco’s Modified Eagle medium (Sigma-Aldrich¢jriBigma D-5648) supplemented with
10% heat-inactivated fetal bovine serum (Gibcothagen Life Technologies; Gibco 2010-
04), 1% Penicillin—Streptomycin (Gibco Invitrogeiifd. Technologies; 100U/mL penicillin
and 10pug/mL streptomycin — Gibco 15140-122) and 108 sodium pyruvate (Gibco
Invitrogen Life Technologies; Gibco 1360). The OEHH line was cultured in Roswell Park
Memorial Institute 1640 medium (RPMI 1640, SigmalBd), supplemented with 10% heat-
inactivated fetal bovine serum (FBS, Sigma F7522), penicillin-streptomycin (100 U/mL
penicillin and 10 mg/mL streptomycin, Gibco 151422}, and 400 mM sodium pyruvate
(Gibco Invitrogen Life Technologies; Gibco 1360)ll Aell lines were kept at 37 °C, in a
humidified incubator with 95% air and 5% @@or all studies, cells were detached using a
solution of 0.25% trypsin-EDTA (Gibco).

Photodynamic treatmentin vitro

For each experiment, A375 cells were plated and ikefhe incubator overnight, in order to
allow the attachment of the cells. The initial fadation of the sensitizers consisted of a
Img/mL solution in DMSO and the desired concerdregi were achieved by successive
dilutions, being always administered to the cells % DMSO. After sensitizer
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administration (from 1 nM to 1QM), cells were incubated for 24 h. Controls were
performed on every test. Cells were washed with BBBnew drug-free medium was added.
Each plate was irradiated with a fluence rate 6friiw/cnf until a total of 10 J was reached,
using a fluorescent light source equipped withdafier (cut off < 560 nm). Analysis were
performed 24 hours after photodynamic treatment.

Photocytotoxicity and cytotoxicity

To the evaluation of photocytotoxicity to the clhs; an MTT assay to evaluate metabolic
activity was performed. To the evaluation of cyittty of the chlorins, cell cultures were
submitted to the same procedure described abov#éjrapthe irradiation step.

Cell culture plates were washed and incubated witiolution of 3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide (0.5mg/mL, Sigjnn PBS, pH 7.4, in the dark at 37 °C
for 4 hours. To solubilize formazan crystals, a40M solution of hydrochloric acid in

isopropanol was added. Absorbance was measured asinBiotek Synergy HT Plate
Reader. Each experiment was performed in tripliaatérepeated in three sets of tests

Results allowed to establish dose-response cungasy Origin 8.0 software, and to calculate
the concentration of sensitizers that inhibitsghaiferation of cultures in 50% (IC50).

Types of cell death

For this and the subsequent studies the A375 aklires were used, being submitted to the
photodynamic treatment based on the chlogmand5ain the concentrations of 50 nM, 250
nM and 500 nM. Cell viability was assessed usingeam-V and propidium iodide
incorporation. Cells were labelled with fluorescénthiocyanate conjugate annexin-V (an-
V) and propidium iodide (PI) as described by thppdier (Immunostep, ANXVIKF-100T).
Cells were analyzed in a four-color FACSCalibumfloytometer (Becton Dickinson) and
processed in the Paint-A-Gate software (Becton iDgt). Results are expressed in
percentage of apoptotic (an-V+/Pl), late apoptogcfotic (an-V+/Pl+), necrotic (an-V-/Pl+)
and viable cells (an-V-/PI-).

Mitochondrial membrane potential

The fluorescent probe, JC-1 (1st J-aggregate-faymaationic; 5,50,6,60-tetrachloro-
1,10,3,30-tetraethylbenzi-midazol carbocyanine,1J04069, Sigma-Aldrich), was used to
label the cells during 15 minutes, at 37°C, in dlagk, prior flow cytometry evaluation. The
results are presented as the monomers/aggregatés) (Mtio, which is inversely
proportional to the mitochondrial membrane poténtia

Cell cycle analysis

Cells were fixed in ethanol 70% (Sigma 24102) atCGi for 30 minutes, washed, and
incubated with the PI/RNase solution (PI/RNase, imastep) for 15 minutes, as
recommended by the kit manufacturer. Samples weedysed in the FACSCalibur and
processed in the Mod-fit software.
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Photocytotoxicity in the presence of ROS inhibitors

Cells were plated and the sensitizers were admenmedtin the same conditions described
above. After 24 hours of incubation, respectivelils were washed with PBS and medium
with ROS inhibitors was added: NaKbmM, Sigma 71290) as a singlet oxygen quencher
and D-mannitol (40 mM, Sigma M4125) as a hydroxadical scavenger. The cell cultures
were incubated for 2 hours and then irradiated utidee same conditions as described in the
previous section. After irradiation, the cell cuds were incubated for 30 minutes and then
new photosensitizer-drug, free-ROS inhibitors mediwas added. Cell line sensitivity to
PDT in these conditions was evaluated using MT &ysas described above.

Intracellular production of ROS

Production of intracellular peroxides was deterdif®y incubation of 5uM of 2',7'-
dichlorodihydrofluorescein diacetate (DCFH2-DA, imegen Life technologies, D399)
probe, for 45ninutes in the dark at 3. The production of superoxide anion was evatliate
using 2uM dihydroethidium (DHE, Sigma D7008) probe, incidzhtduring 10ninutes with
the cells, at room temperature in the dark. Analygs performed by flow cytometry.

Reduced glutathione

Detection of the expression of intracellular redugéutathione (GSH), was performed using
40uM of mercury orange (Sigma M7750), which was leftidg 15minutes of incubation, at
37°C in the dark. Samples were analyzed by flow cygm

Animal studies

All animal studies were performed according to fRegulation of the Animal Welfare
Authority of the Animal Science Faculty of the lingte of Clinical and Biomedical Research
of Coimbra, Faculty of Medicine, University of Cdima (Approved ID: ORBEA 26-2015)
and the European Union law. The project was apprtyethe Direcdo Geral de Alimentacéo
e Veterinaria (General Direction of Food and Vetary, Portugal, Process 010602 of April
29" 2016).

Eighth-weeks-old athymic nude mice (Balb/c nu/nugrev used. Animal housing was
performed in individually ventilated boxes, witktdir, enrichment and nesting material. Food
and water were provideat libitum.

Fluorescence imaging and biodistribution

The Balb-c nu/nu mice were inoculated with 5%tuman melanoma A375 cells in the
axillary region. When a palpable tumor mass wasenethe studies were initiated. The
animals were divided into two groups. One group 2&6f mice was administrated by
intraperitoneal injection with 50AL of 0.1 mg/mL of chlorinsa in Tween80/DMSO/saline
solution (2:2:96, v/vi/v). The other group of 10 miavas used as control, without
administration of photosensitizers.

Imaging studies were performed 1, 5, 7, 10 andays after injection. For this the mice were
anesthetized intraperitoneally with 2 uL/g of a 8gtamine and chlorpromazine solution.
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Whole-body fluorescence imaging was performed & WIS Lumina XR optical imaging
system equipped with a 150 W tungsten/halogen lamg appropriates filters (Caliper
LifeScience, Hopkinton, MA, USA), that allow to uslee excitation light at 405 nm and
emission filter at 695-770 nm.

For the biodistribution studies, the same animatrewkilled immediately after image
acquisition considering the same time-points, meaii mice (5 treated with the chlorin 5a
and 2 from control group) were killed at day orfee same number of mice at day 5 and so
on. Animals were dissected and organs collecteddar to obtain fluorescence images in the
IVIS Lumina XR.

All images were taken in automatic mode and areegmed without change to the color
scale.

Fluorescent signals were quantified using the Igvimage 4.5.2. software (IVIS Imaging
Systems) and are expressed in radiant efficients/ofpf/sr)(UW/cn¥). The same region of
interest (ROI) was drawn on the tumor region inhbioéated and untreated mice. To express
the biodistribution, the epifluorescence variatwas calculated as the ratio between the ROI
located over a tumor in the treated vs. untreatext,nthat is, the ratio between the sum of
epifluorescence intensity in a certain organthe sum of epifluorescence intensity of the
same organ of an animal not submitted to the pkeatszer.

Photodynamic therapyin vivo

Thirty Balb-c nu/nu mice were inoculated subcutarsép with 10x16 cells in the back
region. Tumors were monitored daily to check itduate, considering the following
expression: V = (L x S2)/2, where L is the largesas of the tumor and S the smallest axis is
S.[30] When tumors reached 150-250 e animals were divided into 3 groups, that
differed in the dose of chloriBa administered. One group was administered with Rmg/
other group with 1mg/kg and the other was used las d¢ontrol without chlorin
administration. After the seven days the animalsewanesthetized and irradiated in the
tumors area using a laser light with a power o650 until 100 J was reached (Ceramoptec
Ceralas). Monitoring of tumor volume was carried exery 48 h during 12 days more days.

Statistical analysis

Statistical analysis was performed via IBM® SPSS@ftvgare, version 22.0 (IBM
Corporation, ARMONK, New York, USA). The normalitgf the distribution of each
guantitative variable was evaluated according ® #hapiro-Wilk test, with the aim of
determining the use of parametric or non-paramegsts.

The normalized values (superoxide anion, peroxided reduced glutathione) of the
experimental conditions were compared with the eespe normalization value using the
one sample t-test. In the case of metabolic agtivitthe presence of the singlet oxygen
guencher and hydroxyl radical scavenger the t-stutst was used. The rest of the cellular
studies (cell death, mitochondrial membrane podératind cell cycle) were compared with
ANOVA test in cases where normal distribution amdaniogeneity of variances were verified
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or with the Kruskal-Wallis test in the otherwisesti#een some pairs of experimental groups
multiple comparisons were made which were correctgidg Bonferroni method. For the
prospective study, the estimation of Kaplan-Meier donstruct survival curves was
performed considering events when tumor doublednitsal volume. The comparison of
curves was performed by the Log-rank test. A sigaifce level of 5% was considered for all
comparisons.
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Platinum(I1) Ring-Fused Chlorins as Efficient Theranostic Agents:
Dyesfor Tumor-Imaging and Photodynamic Therapy of Cancer

Highlights
» The discovery of Pt-chlorin-type theranostic agents is described
« Luminescent Pt(ll)-chlorins with different degrees of hydrophilicity synthesized
» High phototoxicity against human melanoma, oesophageal and bladder carcinomas
* Invivo fluorescence imaging and PDT with the lead photosensitizer

» Biodistribution and pharmacokinetics using PS intrinsic bioluminescent properties
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