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Porphyrins and metal-derivatives of porphyrins are one of the interesting investigation fields for
biomedical research. Understanding the effects of porphyrins at the cellular level may promote devel opment of
novel methods of treatment of a series of disorders including cancer.

Two-Photon microscopy was performed in order to understand sub-cellular localization of investigated
porphyrins. Furthermore the sub-cellular localizations of Ag, Co and Zn containing meso-tetra-(4N-
oxyethylpyridyl) porphyrins (TOEPyPs) were correlated with their cytotoxic properties. In addition, the
cytotoxicity of these compounds was also studied on wild type and mutated mammalian cell systems. It has
been observed that even though at low concentrations al porphyrins are being equally distributed on cell
surface, at high concentrations the Ag, Co and Zn containing porphyrins have dramatically different mode of
interaction with mammalian cells: The two-photon microscopy revealed that only AgTOEPYP is being able to
penetrate through the cell membrane and localize in particular organelles. Co and Zn containing TOEPyPs
manly remain on cell surface and localizing in the cell membrane. Interestingly it was shown that AGTOEPyP
is selectively cytotoxic for cellsisolated from mammalian cancer nodules.

Porphyrin — mammalian cells — two photon microscopy

Nnpbhphulikpp, hswybu twl wnpbhphukph Ukinunuljut wswughwubpp, Uks hknwppppmipmb ku
ubpuyuginid  YEuuwpdojuljut  hbnwgnuunipmbtbph  hwdwp: Reouyhtt dwljupnulmd  wnpdhphuubph
ukpgnpdnipiniiip hwulwtunt wpryniipnud hiupuynp E qupqugity tnp b wewt) Epkljinhy pnidudwt dhipnnitp
wnwpplp hhjuwinmpejnibubiph hwdwp' wyn pynd twb punglbinh:

Uphiunwiipnid  oqunuugnpdyly b Epidnuinntt dhjpnulnyhw, npybugh nmunmdtwupplh htinwgnnygnn
wnpbhphlitbph  wknuybwugnudp  pehgttpnud: Ag, Co b Zn wwpnibwlnn meso-tetra-(4N-oxyethylpyridyl)
wnpdhphuiutph (TOEPyPs) utippeouyhtn ntnuytugdwi EpEntitpp hunlwlygt) b wnpbhphtiutph ghnnnnpuhl
Ebtljnutph htwn: Udbtiht, wnpbhphubph ghuinunpuhlnipmiip nuunwdbwuhpyty) b opwluwt b dninwugdus
(pungytnuyhtr) pohotikiph Jpw: 8nyg k wpyty, np, shuyus wyt hwiquudwipht, np thnpp nnquitibph nhupnud pojnp
tntp wnpbhphtipp hadwube puphand Bh pohgitiph Ukdpputth dwltpbnypeny, Uks nnquitph gypnwd Ag, Co
b Zn wupnitwyny wnpbhphtitbpp wwppkp Yepy o hnjuwggoud pohotiiph htwn: Gpydnnnt dhpnulnyhugh
wpyniipitipp gnyg kb wdby, np AGTOEPYP puthwignid k pegh by b Ynunwlynud & npny opquibkyjubikph dby:
Co u Zn yupnitwyny TOEPy wnpbhphuutpp hhdbwuinwd jnunwlynd Ea pooh dbdppubiught punuibph gpu:
‘Lul gnyg k wpyty, np AgTOEPYP plunpnnupwip ghwninnnpuhy b gindkphg whgwunws punghtnuyht pohgttinh
uuundundp:

NMnpphpht - Jupbhwunibbbph poholkp — Enhpmunni dphpnulinypw

IMopbupuHSI 1 KX MeTaJIO-TIPOM3BOHbIE ABJIAIOTCA MHTEPECHBIMU 0OBeKTaMMU /i GHOMeIMIIMHCKIX
uccnenosanuii. Ilonrmanve sddexra nopduprHa Ha KIETOYHOM YPOBHE MOXKET IOMOYB PAasBUTHIO HOBBIX
METO/IOB JIledeHHs /i Psja 6osie3Held, B TOM YHCIIe U PaKa.
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Bsur mpumenen Mertof, ABYX(bOTOHHON MHMKPOCKOIIMM Il TOTO, YTOOBI IIOHATH JIOKAIM3ALUK H3Y-
JaeMbIX TOPQUPHUHOB B KiIeTKaX. BHyTpukterounsre sokanmusanun Ag, Co u Zn, comepxxaimux meso-tetra-(4N-
oxyethylpyridyl) mopdupuros (TOEPyPs), Gsutu comocTasieHs! ¢ ux muroTokcudeckumu abdexramu. Boiee
TOTO, IIUTOTOKCHYHOCTh 3THX IOP(UPHMHOB ObLTa M3y4eHa HA HATYPAIBHBIX M MYTHPOBAHHBIX KIETOYHBIX
cucreMax. DBUIO TMOKasaHO, 4YTO HECMOTpsS HA TO, YTO B MaJbIX /03aX BCe IOPGUPHHBI PAaBHOMEPHO
PpacIpezie/IOTCA 1O IHOBEPXHOCTH KJIETOK, a B Gonpmmx gosax Ag, Co m Zn, copepxaiye MOpQUPHHEL
B3aMMOJIEHCTBYIOT C KJIETKAMH IIO-Da3HOMY. PesynsraThl AByX(OTOHHOH MMKPOCKONMH ITOKA3BIBAIOT, YUTO
tombko AgTOEPYP mporuKkaeT depes MeMOpaHy KJIETKH U JIOKAIU3YeTCA B OCOOBIX opraHesUIax KireTkiu. Co 1
Zn, copepxanmie TOEPy mopupuHEL, B OCHOBHOM OCTAIOTCA M JIOKATM3YIOTCA Ha MOBEPXHOCTH KJIETOYHOM
meMm6pansl. O6HapyxeHo Taroke, 4yto AgTOEPYP cenmexkTuBHBIM 06pasoM TOKCHYEH A PaKOBBIX KIIETOK,
M30JIMPOBAHHBIX OT Y37I0B MJIEKOIIUTAIONIMX.

ITlop@rprr — KI€TKH MIEKOIHTAIOLHX — ZBYX@POTOHHAA MHKPOCKOITHA

Porphyrinsare a group of organic compounds, mostly naturaly occurring, with the porphyn
ring as a base of their structure. Porphyrins and porphyrin derivatives have an outstanding potential
for therapeutics with their antimicrobial and antiviral properties, including anti-HIV (human
immunodeficiency virus) activities [8-9, 11-13]. Many of them have potential to be used in the
photodynamic therapy of tumors [2] because of being photosensitizers. Therefore porphyrins have
been subjects of investigation for the past few years by our group [1, 3, 4, 10].

Numerous works has been conducted to elicit how these porphyrins interact with DNA. Wi-
thin living systems, the penetration of these porphyrins into the cell supersedes their interaction. The
ability of porphyrin to penetrate through cell membrane was assessed in the current work.

In this work the method of two photon microscopy was used in order to determine sites of
interaction of AgTOEPyP4 with mammalian cells. The advantages of multiphoton microscopy
include the localized excitation which alows for deep tissue and intracellular imaging. Each pixel
obtained from the multiphoton XYZ scan can later be rendered into a full 3 dimensiona image
following by a series of post imaging analysis.

Materials and methods. The compounds studied were tetranitrate meso-tetra (4N-oxyethylpyridyl)
porphynato Ag(ll) (AgTOEPyP), Co(ll) (CoTOEPyP), Zn(Il) (ZnTOEPyP) (fig. 1). These agents are
water-soluble, metal derivatives of TOEPyP synthesized by alkylation of meso-tetra (4-N-pyridyl) porphyn at
the excess of ethylenchlorhydrine in dimethylformamide [5-7]. The molecular mass of AgTOEPyP,
CoTOEPYP and ZnTOEPyYP respectively are 1152 Da, 995.16 Da and 1000.15 Da. Variant concentrations of
porphyrin were applied to a final amount of cells. The range of fina concentrations of porphyrins was from
300 [OM to 0 OM with 3 fold dilution and 8 concentration points.

Fig. 1. AGTOEPyP porphyrin.

Immortalized murine bone marrow-derived pro-B-cells were used for this work. The cells were grown
in DMEM (Dulbecco's Modified Eagle Medium) media containing 10 % FBS (fetal bovine serum), penicillin
and streptomycin. Cell count during experiment was 60000 cells per por-
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phyrin concentration or 300 ml of 200000 cells per dose of porphyrin. Trypan Blue has been used for
calculating alive and dead cells after treatment.

Following porphyrin treatment, two-photon microscopy was conducted to aid in investigation of cell-
porphyrin interaction based on porphyrins auto fluorescent property.

Results and Discussion. Two Photon Microscopy. Cells were treated with different doses of
Porphyrin (300-0uM; 3 fold dilution ) following by 2 days incubation in 37°C and 5% CO,
incubator. After the 2 days treatment, the samples were imaged under two photon microscope.

In order to collect imaging data with the highest quality, emission peak of porphyrins needed
to be determined. Therefore sample was excited by 880 nm wavelength femtosecond laser radiation
and the detection signal was collected via a descanted mode. The detection spectrum was scanned
from 586.17 nm to 721.91 nm range to determine the emission range (fig. 2). Emission peak of
porphyrins was determined to be 660 nm. All samples were imaged with emission 660 nm.
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Fig. 2. Spectrum of porphyrins emission.

This experiment depicts the distribution of the porphyrins at low concentrations, showing the
uniform distribution of the signal throughout the cell membrane.

With increasing concentration of AQTOEPyP, accumulation in localized areas within the
cells starts to appear. As it is shown in fig. 3,it is apparent that Ag-porphyrin besides being
distributed on entire cell surface, a'so have severa highly localized regionsinside the cells.

In fig. 4 single cell that was examined for more detail understanding of porphyrin lo-
calization in the cells, was presented from different angles (from 3D rendering). As one can see
there are several dense porphyrin localization areas inside the cells, which we assume to be in
nuclear and mitochondria

For CoTOEPyP the localization is alittle different. For low concentrations of CoTOEPyP the
localization is the same. Porphyrin is manly interacting with cell membrane and being equally dis-
tributed through entire membrane. For higher concentrations, one can see on fig. 5, the cells treated
with CoTOEPyP exhibit fluorescence localized within the cell membrane suggesting preferential
interaction of this porphyrin with lipids of membranes. So chance that these porphyrins will
penetrate through cell membrane and nuclear membrane to interact with DNA isreally low.

The next porphyrin under investigation was ZnTOEPyP. At low concentration ZnTOEPYP is
interacting equally with entire membrane surface. Cells treated with higher concentration of
ZNnTOEPyP exhibit fluorescence localized within the cell membrane suggesting preferential
interaction of this porphyrin with preferential single area on membranes. Two photon image of
mammalian cell treated with ZnTOEPyP is shown on fig.6.
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Cytotoxicity

Within the scope of this work interaction of AgTOEPyP, CoTOEPYP and ZnTOEPyP with
murine cells (healthy and cancer) has been investigated.

For cytotoxicity exam cels were treated with different doses of AgTOEPyP, CoTOEPyP and
ZNnTOEPyP. Cell count during experiment was 60000 cells per porphyrin concentration or 300 ul of
200000 cells per dose of porphyrin depending on cell adhesion profile. The range of concentration for
each porphyrin studies was from 300uM to OuM with 3 fold dilution and 8 concentration points.

For determining cytotoxicity effect of porphyrins on cells, after 2 days of incubation with ligand,
cells were counted in complex with trypan blue to determine amount of adive and dead célls for each
concentration of porphyrins.

Cytotoxicity test reveded that the AGTOEPYP and ZnTOEPyP porphyrins are selectively
cytotoxic for cancer cellswhile CoTOEPyP exhibits no such selectivity (fig. 7).
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Fig. 7. Cytotoxicity effect of a) AGTOEPyP, b) CoTOEPyP and c) ZnTOEPyP
on cellsisolated from healthy animals and animals with cancer.

For al three porphyrins data is normalized so, that 100% cell viability corresponds to cells
without porphyrin and 0% cell viability corresponds to the cells treated with the highest
concentration (300 uM) porphyrin. Cytotoxicity analysis showed that AgTOEPyP has highly
selective cytotoxic effect on cancer cells. ZNTOEPyP has a little less selectivity and CoTOEPyP
does not have selectivity at all.

Current series of experiments utilizing this method revedled that the porphyrin under
investigation has emission maximum at 660 nm. Upon determination of these optical properties the
subsequent imaging was conducted at 660 nm. It has been observed that at low concentrations all
three porphyrins interact manly with the cell membrane without considerably penetrations into the
cytoplasm. Relatively high concentrations of AGTOEPyP result in infiltration into the cells and
localization at particular organelles. Further analyses will determine the exact co-localization with
cellular organelles. In order to show organelle localization of porphyrin signal, a specific cellular
staining is required.

At high concentrations Co and Zn containing TOEPyPs remain on membrane and creating
aggregation on specific areas.
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Cytotoxicity analysis showed that AgTOEPyP has highly selective cytotoxic effect on cancer

cells. ZnTOEPyP has alittle less selectivity and CoTOEPyP does not have selectivity at all.
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