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We have synthesized a series of push-pull porphyrins containing both donor and acceptor substituents at the meso-
positions and have examined their spectral and biological properties. The push-pull porphyrins containing both strong
donor NH; and acceptor NO, at meso-positions, in which donor group condensed with the ligand, (2,6-bis(4-methyl-
piperazine-1-yl-methyl)-4-formlyphenol (L) to form imine linkages with porphyrin. The Schiff base ligand 5-[4-
(2,6-bis(4-methylpiperazine-1-yl-methyl)-4-iminomethylphenol)phenyl]-10,15,20-tris(4-nitrophenyl) porphyrin
[ans(TPP)L] can be synthesized from 2,6-bis(4-methylpiperazine- 1-yl-methyl)-4-formylphenol (L) and 5-(4-amino-
phenyl)-10, 15,20-tris(4-nitrophenyl)porphyrin. The push-pull porphyrin [an3(TPP)L] was metallated to get copper,
nickel and zinc complexes. The spectral, electrochemical, antibacterial, antifungal and cytotoxicity properties of all
the donor- acceptor push-pull porphyrins and their complexes were characterized and studied.
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Introduction

Porphyrins, cyclic t-conjugated systems, endowed with elec-
tron donor and acceptor groups in the peripheral positions con-
stitute push-pull systems and have attracted wide interest.' The
presence of electron withdrawing nitro group(s) in the conju-
gated positions of porphyrins leads to pronounced intramolecular
charge transfer in the excited singlet state.

The enhanced intramolecular charge transfer’ possibly arises
from partial rotation of the nitro group in the excited state, though
direct evidence for this is still lacking. The incorporation of
electron donor groups in the nitroporphyrins offers a valuable
tool to investigate the photophysical properties. Several interest-
ing studies of B-octaalkyl and tetraphenyl/tetratolylporphyrins
endowed with nitro groups either directly attached at the B-py-
rrole position(s)3'5 or at the meso-carbon atom(s)6’7 or on the
meso-aryl ring(s)g'11 have been reported in the literature. Por-
phyrins substituted with electron Withdrawing nitro group(s)
have been studied for tuning redox'* and photophysical pro-
pertles *and for further functionalization of the macrocycle. 11
Four strong electron withdrawing pentafluoroaryl rings at the
meso-carbon atoms of tetra-fluoroarylporphyrins endowed with
relatively bulkier fluorine atoms make these porphyrins quite
different from tetraphenyl/tetratolylporphyrins in their physical
properties and chemical activities. >

The synthesis of the donor-acceptor porphyrins was perform-
ed using a new converging approach, which differs from the
procedures originally described by Therien™ and later used by
Plater™ for the preparation of other arylethynyl porphyrins.
Porphyrins have been of great scientific interest due to their
involvement in the photosynthetic reaction centers and heme-

proteins.”>** Tetrapyrrolic compounds have attracted consider-

able attention as phototherapeutic agents27 and recently several
porphyrin derivatives have been synthesized for potential use
in the treatment of tumors® It is well known that photodynamic
therapy (PDT) is based on the administration of a photosensitizer
that concentrates in tumor cells and, upon subsequent irradi-
ation with visible light in the presence of oxygen, selectively
destroys the cancerous cells.” Metalloporphyrins are the basis
of new antifungal, antiparasitic and anticancer drugs because
modification of the porphyrin periphery confers qualitatively
a new spectrum of activities to metalloporphyrins.30

Metalloporphyrins have previously been used to inhibit age-
related oxidative damage in myocardium of mice that are lack-
ing mitochondrial enzyme manganese superoxide dismutase.”'
Afterwards, metalloporphyrin drugs began to be used as photo-
dynamic therapy agents for certain solid tumors.” Apoptosis
has now established its importance in numerous areas of biology
and it recently received due attention as an important area re-
lated to the development and treatment of disease.”

In the present work, the amino porphyrin 5-(4-aminophenyl)-
10,15,20-tris(4-nitrophenyl)porphyrin was synthesized and se-
parated by flash column chromatography. The amino substituent
of porphyrin is condensed with ligand, L, to form imine linkages
of push-pull porphyrin. A new group of potent antibacterial, anti
fungal and cytotoxicity properties of push-pull porphyrin com-
plexes is described. The push-pull porphyrin complexes possess
a strong antibacterial activity against Gram-positive bacteria,
Gram-negative bacteria and mycobacteria.

Experimental Section

Materials and methods. p-Nitrobenzaldehyde (AR), p-Hy-
droxybenzaldehyde, para-Formaldehyde (AR), Nitrobenzene
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(AR), Tin(II) chloride (AR), N-Methylpiperazine (AR), So-
dium nitrite (AR) and Dichloromethane were purchased from
Qualigens chemicals. Solvents were purified according to
standard procedure and stored over molecular sieves.

IR spectra of the compounds were recorded on Schimadzu
FT-IR 8300 series instrument using potassium bromide pellets
in the range 4000 - 400 cm™'. The UV-vis spectra were recorded
on a Hitachi 320 double beam spectrophotometer. The con-
centration of the samples used for these measurements ranged
from ~2 x 10 °M (Soret band) to ~5 x 10 M (Q bands). The
"H NMR spectra were recorded on Jeol 500 MHz NMR spectro-
meter. The emission spectra were recorded on a Perkin-Elmer
LS-5B fluorescence spectrophotometer. Fluorescence lifetime
measurements were carried out in a Picosecond laser excited,
time correlated single photon counting spectrophotometer. The
excitation source is a tunable Ti-sapphire (TSUNAMI, SPEC-
TRA PHYSICS, USA). The photons were counted by a MCP-
PMT (Hamamatso-4878) and the data were analyzed by IBM
software. The C, H, N contents of the porphyrins and their com-
plexes were carried out using a Carl Erba Elemental analyzer
Model 1106. The FAB-MS spectra were recorded on a Jeol SX
102/DA-6000 mass spectrometer using p-nitrobenzyl alcohol
(NBA) matrix and EI-MS spectra on Jeol DX-303 mass spectro-
meter. Electrochemical measurements were performed at room
temperature. The cyclic voltammograms of 10~ M solution of
complexes in dichloromethane were obtained on a CHI 600A
electrochemical analyzer. The measurements were carried out
under oxygen free conditions using a three-electrode cell in
which a glassy carbon electrode was the working electrode, a
saturated Ag/AgCl electrode was the reference electrode and a
platinum wire was used as the auxiliary electrode. Tetra(n-butyl)
ammonium perchlorate (TBAP) was used as the supporting
electrolyte. Antifungal and antibacterial activities of the com-
plexes were tested by the cup plate method using nutrient agar.

Synthesis of 2,6-bis(4-methylpiperazine-1-yl-methyl)-4-
formylphenol (L). The Mannich reaction™ was carried out by
taking p-hydroxybenzaldehyde (4.27 g, 35 mmol) in methanol
(150 mL) and para-formaldehyde (2.21 g, 70 mmol) was added
slowly with stirring and then it was heated to reflux for 1 h. To
this solution N-methylpiperazine (7.76 mL, 70 mmol) was
added and heated to reflux for 24 h. The solvent was evaporated
to half the volume and the resulting solution was neutralized
with 5% Na,COs3 solution and extracted with chloroform. The
chloroform extract was dried with anhydrous Na,SOy, filtered
and evaporated to dryness, dried with diethyl ether. Yield. 8.1 g
(Figure 1). Analytical data for Ci9H3N4O,, Formula weight:
346 Calculated (%) C, 65.87; H, 8.73; N, 16.17; Found (%): C,
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65.94; H, 8.62; N, 16.23; Mass (EI) m/z: 346 (M+); Selected
IR data (KBr disc, v/iem '): 1682 v(C=0), 3446 v(OH), 1458 v
(-N-CH3); 'HNMR (5 ppm in CDCls): ~2.22 (s, 6H, N-CHs),
~2.45 (br s, 16H, methylene protons), ~3.64 (s, 4H, benzylic
protons), 7.7 (s, 1H, phenolic OH) ~7.3 (s, 2H, aromatic pro-
tons), ~9.8 (s, 1H, aldehyde proton).

Synthesis of 5-[4-(2,6-bis(4-methylpiperazine-1-yl-methyl)-
4-iminomethylphenol)phenyl]-10,15,20-tris(4-nitrophenyl)
porphyrin [an3(TPP)L]. Compound 5-(4-aminophenyl)-10,15,
20-tris(4-nitrophenyl)porphyrin® (0.8 g, 0.7 mmol) was di-
ssolved in 100 mL THF and 2,6-bis(4-methylpiperazin-1-yl-
methyl)-4-formylphenol (L) (0.25 g, 0.7 mmol) was added.
The reaction mixture was vigorously stirred at 100 °C, with N,
being passed over the reaction. The reaction mixture was boiled
during 18 h and monitored by using silica gel precoated TLC
plates, and then poured into water and extracted with dichloro-
methane. The dichloromethane extract was dried over anhydrous
Na>SO4 and then concentrated under vacuum. The residue was
purified on silica gel column using dichloromethane for elution.
The final residue obtained was recrystallized from hexane. The
title compound was obtained in 0.25 g yield (Figure 2). Analy-
tical data for C¢3Hs6N 1207, Formula weight: 1092.38, Calcul-
ated (%): C, 69.26; H, 5.16; N, 15.37. Found (%): C, 69.12; H,
5.04; N, 15.19; UV-vis [CH2Cl, Amax/nm (log €)] 418 (5.30)
(Soret band), 516 (4.21), 552 (4.08), 590 (3.31), 646 (3.22)
(Q-band). Fluorescence: (CH,Cly, Amax/nm) 651, 715. '"HNMR
(6 ppm in CDCIs): 9.03 (d, 2H, B-pyrrole), 8.79 (s, 4H, B-py-
rrole), 8.76 (d, 2H, B-pyrrole), 8.66 (d, 6H, 3,5-(4-nitrophenyl)),
8.40 (d, 6H, 7.99 (d, 2H, 2,6-(4-aminophenyl)), 7.10 (d, 2H,
3,5-(4-aminophenyl)), 8.90 (s, 1H, imine), ~2.22 (s, 6H, N-CH3),
~2.45 (br s, 16H, methylene protons), ~3.64 (s, 4H, benzylic
protons), ~7.3 (s, 2H, aromatic protons), ~9.8 (s, 1H, phenolic
OH), -2.78 (s, 2H, pyrrole NH). Selected IR (KBr, v/cm ') 3428
Vv(OH), 1315 v(NO»), 1633 v(-CH=N-), 1446 v(-N-CHz).

Synthesis of 5-[4-(2,6-bis(4-methylpiperazine-1-yl methyl)-
4-iminomethylphenol)phenyl]-10,15,20-tris-[4-nitrophenyl]
porphyrin copper(Il) [an;(TPP)L]M;. Compound [an3;(TPP)L]
(0.8 g, 0.7 mmol) was dissolved in 250 mL of DMF and co-
rresponding metal acetate salt (2.1 mmol) was added to this
mixture, with N> passed over the reaction mixture. The mixture
was refluxed for 12 h and the solvent removed under reduced
pressure. The residue was chromatographed using dichloro-
methane as eluent, and recrystallized from CH,Cl,-light petro-
leum, yielding 0.38 g of title product (Figure 3).
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|ans(TPP)L] Cu3:Ana1ytical data for CeoHgN12013Cus3, For-
mula weight: 1457.88 Calculated (%): C, 56.84; H, 4.28; N,
11.52; Cu, 13.07. Found (%): C, 56.78; H, 4.19; N, 11.46; Cu,
12.98 UV-vis [CH2Clz, Amax/nm (log €)] 418 (5.09) (Soret band),
540 (4.26), 590 (3.98) (Q-band), Fluorescence (CH,Cly, Amax/
nm) 659, 719. Selected IR (KBr, viem ') 1243 v(NO,), 1619
v(-CH=N-), 1455 v(-N-CH3).

|an3(TPP)L]Nis: Analytical data for CeoHeN12013Ni3, For-
mula weight: 1443.33 Calculated (%): C, 57.41; H, 4.32; N,
11.64; Ni, 12.19 Found (%): C, 57.32; H, 4.26; N, 12.49; Ni,
12.10. UV-vis [CH,Cly, Apa/nm (log €)] 421 (5.33) (Soret band),
548 (4.08), 594 (3.98) (Q-band), Fluorescence (CH,Cl,, nm)
658,718 Selected IR (KBr, v/cm_l) 1339 v(NO»), 1621 v
(-CH=N-), 1455 v(-N-CH3).

[ans(TPP)L]Zn;s: Analytical data for CeoHsxN12013Zn3, For-
mula weight: 1463.43 Calculated (%):C, 56.63; H, 4.26; N,
11.48; Zn, 13.40. Found (%): C, 56.55; H, 4.19; N, 11.39; Zn,
13.32 UV-vis [CH2Cls, Amav/nm (log €)] 422 (5.21) (Soret band),
552 (4.21), 594 (3.59) (Q-band), Fluorescence (CH2Cla, Amax/
nm) 658,720 Selected IR (KBr, v/iem ') 1350 v(NO,), 1630
v(-CH=N-), 1457 v(-N-CHj3).

Antibacterial activity.

Antibacterial assay: The sterile petri plates were prepared by
pouring 20 mL of nutrient agar medium for all the bacteria and
allowed to solidify. Then the petri plates containing the solidi-
fied media were spread with inoculum of 0.1 mL of logarithmic
phase bacteria at a density adjusted to a 0.5 McFarland turbidity
standard. A sterile cotton swab was used to spread by streaking
the organisms all over the surface of the sterile solidified me-
dium and allowed to dry for about 5 min. Then each impregnated
discs were placed at different areas on the surface of inoculated
agar medium and incubated for 37 °C for 24 h in an incubator.
Then, the resulting diameter of the growth inhibition halos
caused by the push-pull porphyrin complexes was measured
after 24 h of incubation. The inhibition zones found around
the discs were evaluated in millimeters. The diameters of the
zone of inhibition produced by the compounds were compared
with the standard antibiotics Streptomycin (50 pg/disc). The
experiments were performed at three times to minimize the
error.

Determination of minimum inhibitory concentration (MIC).
Minimum inhibitory concentration (MIC) determination was
performed by serial tube dilution technique. The metallopor-
phyrins were dissolved in 2 mL of DMF to obtain stock solu-
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tion having a concentration of 512 pg/mL. In serial dilution
technique, 1 mL of prepared stock solution was transferred to
a test tube containing 1 mL of nutrient broth medium to give
a concentration of 256 ug/mL, from which 1 mL was trans-
ferred to another test tube containing 1 mL nutrient broth me-
dium to give a concentration of 128 pg/mL and so onup to a
concentration of 2 ug/mL. After the preparation of suspensions
of the test organisms (10° organism per mL), 1 drop of sus-
pension (0.02 mL) was added to each broth dilution. After 18 h
incubation at 37 °C, the tubes were examined for the growth.
The MIC of the extract was taken as the lowest concentration
that showed no growth. Growth was observed in those tubes
where the concentration of the extract was below the inhibitory
level and the broth medium was observed turbid (cloudy). The
solvent DMF and Streptomycin were used as negative and po-
sitive control, respectively.

Antifungal activity: The antifungal activity of the push-pull
porphyrin complexes were tested by disc diffusion method
against the two pathogenic fungi Aspergillus niger, and Candida
albicans at a concentration of 50 pg/disc and 100 pg/disc.

Preparation of fungal inoculum. The fungal culture C. albi-
cans was inoculated on Sabouraud broth during 24 h at 35 °C.
The inoculate absorbance was established between 0.08 and
0.10 AU (equivalent to 0.5 McFarland 10° CFU/mL) adding
sterile Sabouraud broth, before incorporating the yeast (A=
530 nm). The inoculum of fungal culture 4. niger was prepared
from 5 to 15 day old culture grown on PDA medium. The petri
plates were covered with 10 mL of distilled water and the
conidia were scraped using sterile spatula. The spore density
of each inoculum was adjusted with spectrophotometer (A=
530 nm) to obtain a final concentration of approximately 10*
spores/mL.

The sterile petri plates were prepared by pouring 20 mL of
potato dextrose agar medium for 4. niger and sabouraud agar
medium for C. albicans cultures and allowed to solidify. Then
the petri plates containing the solidified media were spread with
inoculum of 0.1 mL of logarithmic phase bacteria and fungal
cultures at a density adjusted to a 0.5 McFarland turbidity stan-
dard. A sterile cotton swab was used to spread by streaking the
organisms all over the surface of the sterile solidified medium
and allowed to dry for about 5 min. Then the each impregnated
discs were placed at different areas on the surface of inoculated
agar medium and incubated at 37 °C for 24 h in an incubator.
Then, the resulting diameter of the growth inhibition halos
caused by different metalloporphyrins was measured after 24 h
of incubation for C. albicans and after 48 h for A. niger. The in-
hibition zones found around the discs were evaluated in milli-
meters. All the assays were carried out in triplicates.

Cytotoxicity of push-pull porphyrin complexes by apoptotic
method.

Cytotoxicity assay: The push-pull porphyrin complexes were
dissolved in DMSO and different concentrations of 0.5, 5.0,
and 10.0 uM were prepared for cytotoxicity assay. The mor-
phological changes of the cancer cells treated with different
concentrations of porphyrin complexes were studied at diffe-
rent time intervals during incubation period for 6, 12 and 24 h.

The various cancer cells (1 x 10° cells) in 35 mm sterile dis-
posable petriplates were seeded and grown at 37 °C in 5%
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Minimal Essential Medium (MEM), supplied with different
concentration of porphyrin complexes (0.5, 5.0, and 10.0 uM)
and control (without porphyrin complexes) and incubated at
37 °C for 6, 12 and 24 h. After the incubation period, the me-
dium was decanted and the cells were washed with phosphate
buffered saline (PBS) at pH 7.4 twice, fixed in 70% methanol.
The cell DNA was stained with 0.5 mg/mL Propidium iodide
in PBS for 15 min and destained in PBS.

Morphologic changes of apoptotic cells: After treatment with
different concentrations of push-pull porphyrin complexes, the
cell morphology, where the nuclei were stained with Propidium
iodide was determined by light microcopy. In all, five different
fields were randomly selected for counting at least 500 cells.
The percentage of apoptotic cells was calculated for each experi-
ment. Cells designated as apoptosis were those that displayed
the characteristic morphological features of apoptosis, including
cell volume shrinkage, chromatin condensation and the presence
of membrane-bound apoptotic bodies. For each experiment,
500 cells were counted. The cells in apoptosis were calculated
by the formula: % of apoptotic cells = Number of apoptotic
cells/Total number of cells x 100.

Statistical analysis: The experiment was repeated three times
and the results were statistically analyzed using ANOVA.

Results and Discussion

FT IR spectral analysis. The IR spectrum of [an3(TPP)L] is
shown in Figure 4. Due to the strong and distinct absorption
bands from aromatic amino and nitro functionalities, most bands
in infrared spectra of Schiftf’s base push-pull porphyrins can be
well identified. The FT IR spectrum of the symmetric ligand,
L, shows a broad band around 3428 cm' due to the presence
of phenolic OH group. The disappearance of band at 1682 cm’'
for the ligand, L, and the appearance of new strong C=N ab-
sorption at 1633 cm ' for [an3(TPP)L] indicates Schiff base
condensation between the ligand, L, and -NH, of the porphyrin.
The absence of a peak around 3428 cm " in all the push-pull
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porphyrin complexes indicates the absence of v(OH) due to
deprotonation followed by complexation. The strong v(CO,)
bands at around 1450 cm ' in the porphyrin complexes indicates
the presence of acetate linkage. All the porphyrin complexes
show a sharp band in the region of 1630 - 1640 cm ' due to the
presence of -C=N in the complexes. The complete absence of
the aldehyde peak and the appearance of -C=N peak indicates
an effective Schiff’s base condensation between the porphyrin
and the ligand, L.

Mass spectral analysis. The FAB mass spectrum of the push-
pull porphyrin [an3(TPP)L] is shown in the Figure 5. The com-
pound [an3(TPP)L] shows a molecular ion peak at m/z = 1092
and satellite peaks due to protonation (m/z =1095) and depro-
tanation (m/z = 1091). The spectra show some prominent peaks
corresponding to various fragments of the compound. The
appearance of many peaks is due to the presence of isotopic
atoms.

Electronic spectral analysis. The absorption spectral data of
all the push-pull porphyrin and its metal complexes are summa-
rized in Table 1. The absorption spectrum of [an3;(TPP)L]Zns
is shown in Figure 6. The porphyrin Schiff base and its metal
complexes exhibited characterist Soret band and four weak Q
bands. There is no relationship between the symmetry of the
molecule and the absorption band pattern in series of porphyrins.
The more amino (or nitro) substituents, the more the spectrum

Table 1. Absorption spectral data of push-pull porphyrin complexes
in CH,Cl,

push-pull porphyrin Soret band Q-band
complexes A (nm) (log €) A (nm) (log €)
ey s el e
[an3(TPP)L]Cus 418 (5.09) 540 (4.26), 590 (3.98)
[an3(TPP)L]Ni; 420 (5.33) 548 (4.08), 594 (3.98)
[an3(TPP)L]Zn; 422 (5.21) 552(4.21), 594 (3.59)

2079.08

1315.80

1564.59 626.95

1116386
1087.54
1633.01

Figure 4. IR spectrum of [an3(TPP)L].
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Figure 5. Mass spectrum of [an3(TPP)L].
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Figure 6. Electronic spectrum of [an;(TPP)L]Zn; in the UV (a) and
visible (b) regions.

looks like that of Tny,PP. This indicates that it is the number of
substituents, but not the symmetry of their arrangement, that
control the electronic states of the molecule.’ All absorption
bands are relatively broad (e.g. the separation between Q-bands
is not as sharp as that of tetraphenyl porophyrin, TPP). Both
the Soret and Q-bands are red shifted compared with TPP. The
broadening and red shifting of the absorption bands are usually
an indicator of mixing with the intra molecular charge-transfer
character in n-n* absorption bands. It is important in consider-
ing the potential of push-pull porphyrins to note that tetraaryl
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Table 2. Fluorescence spectral data of push-pull porphyrin complexes
in CH,Cl,

Fluorescence Lifetimes

push-pull porphyrin ~ Fluorescence
complexes Maxima A (nm) 7 (ns) . (ns)
[an3(TPP)L] 651,715 1.13 2.43
[an3(TPP)L]Cus 659,719 1.12 2.28
[an3(TPP)L]Ni; 658,718 1.07 2.17
[an3(TPP)L]Zn3 658, 720 1.09 2.32

substituted porphyrins have less effective intra molecular charge-
transfer due to dihedral twist between phenyl rings and the plane
of the porphyrin ring. Because of steric hindrance, the phenyl
ring is expected to be out of the plane of porphyrin.

Fluorescence spectral analysis. Fluorescence spectra of push-
pull porphyrin Schiff base and its metal complexes were record-
ed in dichloromethane. Wavelengths of major emission bands
are given in Table 2. The fluorescence spectrum of [an3(TPP)L]
Znj3 is shown in Figure 7. As seen from the spectra, the promi-
nent bands are appearing in the region of 650 - 660 nm. There
is also a less intense band with its maximum appearing in the
wavelength region 710 - 721 nm for these porphyrins. The case
is similar with all other porphyrins in that each push-pull por-
phyrins shows a red-shifted broad band with considerable quen-
ching of fluorescence in comparison with the corresponding
unsubstituted tetra-aryl porphyrin.”’ It is to be noted that the un-
substituted porphyrin, in each case, does not show any major
change with respect to change of solvent.

The time-correlated single-photon counting (TCSPC) tech-
nique was used to determine the singlet excited state fluorescence
lifetimes for push-pull porphyrin complexes are summarized
in Table 2.

Electrochemical studies. The oxidation and reduction po-
tentials as determined by cyclic voltammetric experiments in
CH,Cl,, 0.1 M TBAP (supporting electrolyte) for all the push-
pull porphyrin complexes synthesized in this work are given
in Table 3. The cyclic voltammogram of [an3;(TPP)L]Zn; are
shown in Figure 8a & 8b.

The redox potentials of push-pull porphyrin complexes show-
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Figure 7. Fluorescence spectrum of [an3(TPP)L]Zns.
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Figure 8. (a) Cyclic voltammogram of [an;(TPP)L]Zn; (reduction pro-
cess). (b) Cyclic voltammogram of [an;(TPP)L]Zn; (oxidation process).

ed that reversible potentials for the first ring-centered oxida-
tion and first ring-centered reduction were both linearly related
to the divalent central metal ion electronegativity.38

It was also pointed out that no more than a maximum of two
macrocycle-centered oxidations and two macrocycle-centered
reductions could be observed for any metalloporphyrin in non-
aqueous media, despite the fact that additional electrode re-
actions had been theoretically predicted. We now know that the
above absolute statement is not absolute and that additional

Bull. Korean Chem. Soc. 2010, Vol. 31, No.9 2661

Table 3. Electrochemical data of push-pull porphyrin complexes

Oxidation Reduction

E' (V) B (V) B (V) B (V)
1 [any(TPP)L]Cu; 1.02 129  -120 -1.56

2 [am(TPP)LINi;  1.03 126  -121  -1.54
3 [any(TPP)L]Zn;  1.04 130  -123  -1.55

N push-pull porphyrin
o.
complexes

redox reactions can sometimes be experimentally observed,
depending upon the number and type of electron-donating or
electron-withdrawing substituents at the meso-positions of the
porphyrin macrocycle. The nature of these substituents can also
greatly affect the magnitude of the HOMO-LUMO gap, as well
as the value of the reversible half-wave potentials which might
vary by more than 1.0 V in a positive or negative direction for
a specific metal-or macrocycle-centered redox reaction.

The redox potentials are also greatly affected by the nature
of the substituents (electron withdrawing or electron donating)
at the para-position of the meso-phenyl ring. As the number
of nitro groups decrease from four to zero, the porphyrin ring
electron density steadily increases and hence become reduced
at a lower negative potential. The shift in the potential in the
cathodic direction is more predominant than in the anodic direc-
tion. This shift is due to the lower electron withdrawing nature
of amino groups compared to nitro groups at the para-position
of the meso-phenyl rings.

The oxidation and reduction potential of [an3(TPP)L]Niz and
[an3(TPP)L]Cus are comparable with that of [an3(TPP)L]Zns.
There is no significant change in both oxidation and reduction
potentials of all the three complexes.

Biological studies.

Antibacterial activity: Antibacterial activity of the porphyrin
complexes against the test bacteria was indicated by growth-
free “zone of inhibition” near the respective disc. The sensitive
bacteria grew everywhere except in areas around the disc con-
taining porphyrin complexes and antibiotic in the medium.
Stojiljkovic et al. discovered that some non-iron metallopor-
phyrins have a potent and broad antibacterial alctivity.39 Gal-
lium-protoporphyin IX is the most active compound; it inhi-
bited the growth of Gram-negative bacteria, Gram-positive
bacteria and acid- fast bacilli.

In the present study, the antibacterial activity was done by
disc diffusion method and then we determined the minimum
inhibitory concentration values for the push-pull complexes to
estimate their potentiality against the tested human pathogenic
bacteria are shown in Table 4. We also determined the antifungal
activity of the new complexes of porphyrins against two human
pathogenic fungi to evaluate their antifungal property.

The efficacy of push-pull porphyrins as photosensitizers in
vivo was of particular interest, since this represents a major
criterion for evaluating their potential utility as phototherapeutic
agents.*” They are believed to be an excellent source of bio-
logically active compounds. This study gives credence to its
ethnopharmacological use as a remedy to treat infections and
diseases caused by the organisms.

Minimum inhibitory concentration measurements: A current
definition of the Minimum Inhibitory Concentraltion,41 MIC,
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Table 4. Antibacterial activity of push-pull porphyrin complexes (50 and 100 pg/disc) and standard antibiotic Streptomycin (50 pg/disc) by

disc-diffusion method

Concentration Diameter of the inhibition zone (in mm)
S. No. Compound
(ng/mL) B. subtilis S. aureus E. coli K. pneumoniae

50 17 19 15 20

1. [an3(TPP)L]Cus 100 25 28 24 27
. 50 11 13 8 12

2 [ans(TPP)LINi; 100 21 18 16 17
50 10 12 9 12

3. [an3(TPP)L]Zns 100 20 19 19 19
4. Streptomycin (Positive control) 50 25 26 26 27
S. Negative control 0 0 0 0 0

Table 5. Minimum Inhibitory Concentration (MIC) values of push-pull porphyrin complexes and standard antibiotic Streptomycin by dilution

method
Minimum inhibitory concentration (pg/mL)
S. No. Compound
B. subtilis S. aureus E. coli K. pneumoniae
1. [an3(TPP)L]Cus 32 32 32 32
2. [an3(TPP)L]Ni3 32 32 32 32
3. [an3(TPP)L]Zn;3 32 32 32 32
4. Streptomycin (Positive control) 2 2 2 2
S. Negative control 0 0 0 0

is the lowest concentration of test agent that inhibited visible
growth of bacteria after 18 h incubation at 37 °C. The determi-
nation of the MIC involves a semi quantitative test procedure,
which gives an approximation to the least concentration of an
antimicrobial needed to prevent microbial growth. The me-
thod displays tubes of growth broth containing a test level of
preservative, into which an inoculum of microbes was added.
The end result of the test was the minimum concentration of
antimicrobial (test materials) which gave a clear solution, i.e.,
no visual growth.**

The MIC values of the complexes of push-pull porphyrins
against all the tested bacteria were very small ranging from 4 -
32 pg/mL for tested bacteria which indicated that these metallo-
porphyrins are most active against the tested bacteria. The MIC
values of the complexes against B. subtilis, S. aureus, E. coli
and K. pneumoniae were shown in Table 5.

Antifungal activity: The growth of fungi, including yeasts, is
also inhibited by the non-iron metalloporphyrins of the present
invention. Non-iron metalloporphyrins effective in the methods
and compositions of the protoporphyrin IX containing gallium,
gadolinium, indium, ruthenium, manganese, zinc, magnesium
and chromium ions, desirably gallium, indium or manganese.
Some porphyrin derivatives are already used in the treatment
of certain noninfectious diseases in humans.**

The antifungal activities of the push-pull porphyrins and
their complexes were quantitatively assessed by the presence or
absence of inhibition zones and zone diameters are shown in
Table 6. Results of antifungal activity showed that the push-pull
porphyrin complexes inhibited the growth of the two tested
pathogenic fungi, 4. niger and C. albicans.

In the present investigation, push-pull porphyrins and their
complexes showed moderate activity against C. albicans and
they showed remarkable inhibition zones at 100 pg/mL con-
centration. The results of studies on antifungal activity of the
complexes confirm the presence of inhibitors. This study pro-
vides an insight for exploring the antifungal bioactives for better
management of fungal pathogens. The different antimicrobial
activity of the complexes indicated their different mechanism
of biocidal property and further studies are required to explore
the exact mechanism of antibacterial potency. It was concluded
that among the tested complexes, the results of MIC experiment

Table 6. Antifungal activity of push-pull porphyrin complexes (50
and 100 pg/disc) and standard antibiotic Nystatin (50 pg/disc) by
disc-diffusion method

Diameter of the

Concentration iphibition zone (in mm)

S.No.  Compound

(ng/mL) A. niger  C. albicans
1. [an3(TPP)L]Cus 15(?0 ;i ;41
2. [an3(TPP)L]Ni; 15(?0 175 i
3. [any(TPP)L]Zns 15(?0 ;8 ;
4. (Posili}\lfsetit(i)lrlltrol) 50 > *
5. Negative control 0 0 0
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Table 7. Cytotoxic activity of push-pull porphyrin complexes against human cancer cell lines by apoptotic method
] Apoptotic cell (%)
. Concentration
S.No.  push-pull porphyrin complexes (uM) BT 220 H116 Int 407 HL 251
(Breast) (Human colon) (Human intestine) (Human lung)
0 Oa Oa Oa Oa
0.5 15.5+0.04 ¢ 18.5+0.07d 183+0.1d 19.6+0.3d
1. [ans(TPP)L]Cus 5.0 246+02¢ 273+£0.08f 266+32f 283+02f
10.0 263+0.1f 29.8+0.07 g 29.6+28¢g 205+02f
0 Oa Oa Oa Oa
. 0.5 3.6£4.6b 35£05b 3.8+42b 53+05b
2 [ans(TPP)L]Nis 5.0 158433 ¢ 156 +0.8 ¢ 135+34c  158+0.06¢
10.0 173+1.2d 17.8+£0.5d 156+1.1¢ 15.6+0.07c
0 Oa Oa Oa Oa
0.5 23.6+12¢ 23.6+34¢ 256+421f 245+0.07e
3. [ans(TPP)L]Zns 5.0 365+02 ¢ 356+42h 386+34h  383+35¢
10.0 375+02¢g 364+1.1h 39.6+2.8h 383+25¢g

Different letters besides figures in each column indicate statistically significant at P = 0.05.

did not depend on the nature of the solvent in which metallo-
porphyrins were dissolved.

Cytotoxic activity of push-pull porphyrin complexes by apop-
tosis in cancer cells.

The morphological characteristics of apoptotic cells: Apop-
tosis is a process of gene-mediated programmed cell death
essential for the elimination of unwanted cells in various bio-
logical systems and is the key mechanism of chemotherapeutic
agents. There are several characteristic cellular and biochemical
hallmarkers of apoptotic cell death, including oligonucleosomal
DNA fragmentation,45 nucleus condensation, DNA laddering,
and PARP-1 cleavage 2% The sequence of changes in cellular
morphology of apoptosis can be summed up as (1) cell shrinkage
(2) condensation, margination and fragmentation of chromatin
and (3) retention of cytoplasmic organelle structure, but loss
of positional interrelationships of organelles.

The potential application of push-pull porphyrins and their
complexes as a new class of anticancer drugs with higher cyto-
toxicity and fewer side effects than existing metal anticancer
drugs has been eagerly explored recently. All the complexes of
push-pull porphyrin showed cytotoxic activity positively. At
0.5 and 5.0 uM concentration, most of the cells were arrested
during cell division and the cell nuclei became condensed and
segmented after 12 h incubation which is the indication of apop-
tosis. The results from light microscope displayed morphological
abnormality of the cells after treatment with the metallopor-
phyrin complexes. On the contrary, the untreated cells (control)
did not show these apoptotic*® characteristics. Most of the con-
densed and segmented nuclei degraded after 24 h incubation.

It is indicated that with the increase of push-pull porphyrin
complexes concentration from 0.5 to 5.0 uM, porphyrin com-
plexes induced increased cell death through apoptosis. With
further increase of porphyrin complexes concentration from
5.0 to 10.0 puM, the porphyrin complexes induced cell death
through apoptosis decreased dramatically. In the present study,
we observed that at low to medium concentration (0.5 - 5.0 uM),
the efficacy of porphyrin complexes was quite dependent on
the specific cell type (Table 7).

With increasing concentrations, there is a gradual increase

in the formation of bundles of microtubules. Consequently, at
a very low concentration (0.5 pM), metalloporphyrins only
block a small portion of cells in the G2/M phase by inducing
the formation of ball-shaped aggregations of condensed chro-
mosomes containing one or more asters of microtubules. With
the increasing concentration to 5.0 uM, the portion of ball-
shaped spindles increased dramatically. This is coincident with
the enhanced inhibition on DNA synthesis, the increase of the
cell apoptosis and the first phase of viable cell decrease. With
the further increase of the metalloporphyrins concentration from
5.0 to 10.0 uM, the proportion of the ball-shaped spindles only
increased slightly. This is the coincident with the unchanged
percentages of the cells in apoptosis. However, at 5 uM con-
centration range, most of the cells were prevented from entering
S phase and cell necrosis increase dramatically. We observed
that the efficacy of metalloporphyrins at low to medium concent-
ration (0.5 - 10 uM) was quite dependent on the specific cell
type. Further experiments to understand the molecular mecha-
nisms underlining the differences would be greatly important
to guide the clinical application of metalloporphyrins. Addi-
tional studies are required to understand the molecular basis
for this differential response to enhance the effectiveness of
metalloporphyrins in the treatment of patients with malignant
disease.
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