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Abstract In this study, the biological potential of a nickel

chlorophyll derivative (Ni-PH-A) as a multimodal agent

for tumor imaging and photodynamic therapy (PDT) was

investigated. Optimum conditions of labeling with 131I

were investigated and determined as pH 10 and 1 mg

amount of iodogen. Biodistribution results of 131I labeled

Ni-PH-A in female rats indicated that radiolabeled Ni-PH-

A maximum uptake in the liver, spleen and ovary was

observed at 30 min. Intercellular uptake and PDT efficacy

of Ni-PH-A were better in MDAH-2774 (human ovarian

endometrioid adenocarcinoma) than in MCF-7 (human

breast adenocarcinoma) cells. Ni-PH-A might be a

promising multimodal agent for lung, ovary and liver tu-

mor imaging and PDT.
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Introduction

The development of new materials that can be utilized to

detect and treat cancer is among the most challenging and

demanding tasks in science today. In recent years, studies

regarding photodynamic therapy (PDT) have gained speed

as an alternative method to surgery, chemotherapy and

radiotherapy, which are commonly used to fight cancer.

PDT is essentially based on exposure of a light-sensitive

material (photosensitizer) to visible light which is selec-

tively accumulated in target tissues. The light-activated

photosensitizers (PSs) create highly reactive oxygen spe-

cies (ROS) leading to formation of radicals and singlet

oxygen (1O2) which destroy cells in the tissue. Long-

wavelength light is used in PDT, i.e. red and infrared. It is

possible to use three classes of light sources: laser, light

emitting diodes and filter lamps. Even though PSs are ab-

sorbed by all kinds of cells in the body, they are harmless

without any external application of light. Only PSs local-

ized in the target tissue are activated in PDT [1, 2].

Pheophorbides used in current study are light-sensitive

materials synthesized by chlorophyll-a, green plants, some

kinds of bacteria and algae. Pheophorbide-a is obtained from

chlorophyll-a in an acidic medium by the removal of Mg and

a phytol group via the chlorophyllase enzyme. Pheophor-

bide-a has an intense absorption band (650 nm) [3].

Radionuclide-labeled PSs that have clinical effects can

be used in order to figure out the pharmacokinetic and

pharmacodynamic characteristics of PSs. PSs are used in

PDT due to their high tumor uptake efficiencies. The ex-

cellent tumor localization of PSs allows them to be used as

multi-functional agents. Because of these properties, such

compounds can be utilized in tumor imaging fluorescence,

magnetic resonance imaging (MRI), positron emission to-

mography (PET) and single photon emission tomography
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(SPECT) [4]. In the literature some PS-based fluorescence

imaging studies showed promising results for the detection

of ovarian cancer in preclinical [5, 6] and clinical studies

[7]. As well as imaging studies, PS-based therapy showed

particular interest for ovarian cancer [8]. Besides, studies

conducted on colon cancer treatment through PDT with

PSs have shown that results are encouraging toward the

future clinical applications of PDT for colon cancer and

pancreatic cancer [9–14].

In the current study, we investigated the optimum con-

ditions of 131I labeled Ni-PH-A, its in vitro stability,

biodistribution studies in normal rats and intracellular up-

take. Besides, we studied PDT efficacy of Ni-PH-A in

MCF-7 and MDAH-2774 for imaging and PDT.

Materials and methods

Materials

All chemicals used for the in vitro studies were purchased

from Biological Industries Ltd. (Haemek, Israel), all other

chemicals were procured from Merck Chemical Co.

(Darmstadt, Germany). Iodogen was purchased from Sig-

ma-Aldrich Chemical Co. (Steinheim am Albuch, Ger-

many). Thin-layer chromatography-cellulose gel (ITLC-F

plastic sheets 20 9 20) was purchased from Merck. Na131I

was supplied by the Department of Nuclear Medicine, Sifa

University. Radiolabeling experiments were analyzed us-

ing a Bioscan AR2000 TLC Scanner (Washington DC).

Cell culture studies were performed in a Thermo MSC

Advantage 1.2 Laminar Air Flow cabinet. An Olympus

Japan inverted light microscope was used for counting

cells. A Thermo Multimode microplate reader was used to

determine the IC50 values of cell cultures.

Synthesis of methyl 3-devinyl-3-{10-(benzyloxy)-
ethyl}pheophorbide-a (3)

Pheophorbide-a (2) was prepared according to known lit-

erature procedures [15, 16]. The synthesis of methyl

3-devinyl-3-{10-(benzyloxy)-ethyl}pheophorbide-a (3) was

done according to a protocol described previously [17, 18].
1H NMR (400 MHz, CDCI3) d ppm: 9.74 (s, 1H, CH-5),

9.52 (s, 1H, CH-10), 8.54 (s, 1H, CH-20), 7.39–7.30 (m,

5H, ArH), 6.00 (q, J = 6.8 Hz, 1H, 31-H), 4.79 (dd,

J = 2 Hz, 9.6 Hz, 1H, OCH2Ar), 4.61 (dd, J = 4 Hz,

8 Hz, 1H, OCH2Ar), 4.52–4.42 (m, 1H, 18-H), 4.32–4.25

(m, 1H, 17-H), 3.87 (s, 1H, 132-CH), 3.72 (q, J = 8.0, 2H,

CH2-81), 3.70 (s, 3H, COOCH3), 3.68 (s, 3H, COOCH3),

3.60 (s, 3H, 121-CH3), 3.36 (s, 3H, 21-CH3), 3.16 (s, 3H,

71-CH3), 2.72–2.61, 2.60–2.46, 2.38–2.19 (m,

1H ? 1H ? 2H, 17-CH2CH2), 2.05–1.99 (m, 3H, 31-CH3),

1.82 (dd, J = 2.8 Hz, 4.4 Hz, 3H, CH3-181), 1.70 (t,

J = 7.6 Hz, 3H, CH3-82), 0.42 (brs, 1H, NH), -1.70 (brs,

1H, NH). [17] Anal Calcd. for C43H46N4O6: C, 72.25; H,

6.49; N, 7.84. Found: C, 72.23; H, 6.47; N, 7.83 %. MS

(ESI; 80 % MeOH ? 20 % H2O ? formic acid) m/z:

714.2 [M]?.

Synthesis of methyl 3-devinyl-3-{10-(benzyloxy)-
ethyl}pheophorbide-a nickel complex (4)

A saturated solution of nickel acetate in methanol (0.1

mg/5 ml) was mixed with a solution of 3 (25 mg) in 5 ml

THF. The mixture was then stirred overnight at room

temperature in the dark. The incorporation of the nickel ion

into the chlorin center leads to a change in the color of the

solution. The reaction was terminated by the addition of

water and diethyl ether. For the neutralization of the acetate,

a saturated aqueous NaHCO3 solution was added, and then

the solution was washed with copious amounts of water.

The organic layer was separated, dried over anhydrous

Na2SO4, and evaporated under high vacuum. The nickel

complex (Fig. 1) was purified by column chromatography

Fig. 1 Chemical structure of methyl 3-devinyl-3-{10-(benzyloxy)-

ethyl}pheophorbide-a nickel complex
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on silica gel using a mixture of hexane:ethyl acetate (4:1)

(23 mg, 83 % yield). 1H NMR (400 MHz, CDCI3) d ppm:

9.46 (s, 1H, CH-5), 9.30 (s, 1H, CH-10), 8.15 (s, 1H, CH-

20), 7.40–7.26 (m, 5H, ArH), 5.71 (q, J = 6.5 Hz, 1H, 31-

H), 4.65 (dd, J = 2 Hz, 9.4 Hz, 1H, OCH2Ar), 4.47 (dd,

J = 4 Hz, 8 Hz, 1H, OCH2Ar), 4.35–4.25 (m, 1H, 18-H),

4.25–4.18 (m, 1H, 17-H), 3.64 (s, 1H, 132-CH), 3.61 (q,

J = 7.2, 2H, CH2-81), 3.57 (s, 3H, COOCH3), 3.43 (s, 3H,

COOCH3), 3.35 (s, 3H, 121-CH3), 3.13 (s, 3H, 21-CH3),

3.04 (s, 3H, 71-CH3), 2.65–2.50, 2.49–2.36, 2.26–2.05 (m,

1H ? 1H ? 2H, 17-CH2CH2), 1.98–1.93 (m, 3H, 31-CH3),

1.71–1.65 (m, 3H, CH3-181), 1.58 (t, J = 7.2 Hz, 3H, CH3-

82). MS (LC–MS/MS): m/z calcd for C43H44N4O6Ni [M]?:

770.3.

Radiolabeling the Ni-chlorophyll derivative

Ni-chlorophyll derivate photosensitizer (3 mg) was dis-

solved in 300 ll ethanol. In each study, 10 ll from the

stock solution was diluted with distilled water (100 lg/

500 ll), and labeled with 131I (250 lCi) via the iodogen

method for 30 min after the pH was adjusted to 10 with

0.2 N HCI/NH4OH.

Quality control studies

Thin layer radio chromatography (TLRC)

The labeling efficiency of 131I labeled Ni-PH-A (131I-Ni-

PH-A) was determined by TLRC. After 30 min of incu-

bation, the 131I labeled Ni-PH-A sample was spotted on

cellulose-coated plastic (ITLC-cellulose) sheets

(1 9 10 cm, Merck) and the sheets were put in two dif-

ferent mobile phases [n-butanol–water–acetic acid (4-2-1)

and chloroform–acetic acid (9-1)]. After developed, the

ITLC-cellulose sheets were removed from the mobile

phases, dried and scanned on a TLC scanner (BioScan AR-

2000 Washington DC, USA) [19].

High performance liquid chromatography (HPLC)

This study was performed using an HPLC system (Shi-

madzu, Japan) equipped with an RP-C-18

(250 9 4.6 mm I.D.) column, a LC-10Atvp quaternary

pump, a UV detector (Shimadzu SPD-10Atvp) and a

NaI(Tl) multi-channel analyzer detector. The retention

times (Rt) the Ni-PH-A, 131I labeled Ni-PH-A and 131I

were determined using methanol: water (95:5 %) as the

mobile phase. The flow rate of solvent systems was

1 ml/min at a wavelength of 254 nm. The injection

volume was 5 ll at 25 �C.

Electrophoresis

A paper electrophoresis procedure was carried out in a

Gelman electrophoresis chamber and 100 % distilled water

was used as electrophoresis solvent. Cathode and anode

poles were determined, and then cellulose acetate strips

were moistened with 100 % distilled water. The samples

were spotted on application points on the cellulose acetate

strips. Standing time and applied voltage were set at

120 min and 300 V, respectively. Next, the strips were

scanned using the TLC scanner [19].

Effect of reaction pH on radiolabeling yield

In order to analyze the effect of reaction pH on radiola-

beling yield, the photosensitizer was labeled with 131I at pH

3, 8 and 10. Afterwards, the radiolabeling yield was de-

termined with the TLRC method.

Effect of iodogen amount on radiolabeling yield

The studies regarding the amount of iodogen were performed

after the optimum pH (pH 10) was determined. In this study,

0.25, 0.5 and 1 mg of iodogen were used, and the radiola-

beling yield was determined by the TLRC method.

Lipophilicity

The n-octanol/water ratio was calculated in order to de-

termine the lipophilicity of 131I labeled Ni-PH-A. To do

this, 100 ll photosensitizer, radiolabeled under the opti-

mum conditions (1 mg iodogen and pH 10), were added to

3 ml of n-octanol and 3 ml of water. After being mixed for

1 h with a magnetic mixer, the solution was centrifuged

(2500 rpm, 5 min.) for the separation of the phases.

Afterwards, a 500 ll sample from each phase was counted

using a Cd(Te) RAD-501 single channel analyzer. The

octanol-to-water partition coefficient (Po/w) of the ra-

diolabelled compound was calculated by dividing the

counts in the octanol phase by that in the aqueous phase.

In vitro stability study

To define the shelf-life of the radiolabeled photosensitizer

prepared under the optimum conditions, the radiolabeling

efficiency was determined by the TLRC method at 30, 60,

120, 180 and 1440 min.

Synthesis of cold iodinated Ni-PH-A

Cold iodinated Ni-PH-A was synthesized for molecular

structural analysis. Ni-PH-A solution and stoichiometric
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equivalent potassium iodide were reacted in the same pro-

cedure with optimum labeling conditions [20]. The mole-

cular structure of Ni-PH-A and iodinated Ni-PH-A was

confirmed by liquid chromatography-mass/mass spec-

troscopy (LC–MS/MS) using an Agilent 6460 Triple Quad

LC–MS/MS (20 % H2O ? 80 % MeOH ? Formic acid).

Biodistribution study

The animal experiment was approved by the Animal Ethics

Committee of Ege University. The biodistribution of the

radiolabeled photosensitizer in organs were investigated

using female albino Wistar rats. The photosensitizer was

labeled with 131I (18.5 MBq/rat) under the optimum condi-

tions. After the rats were weighed (150–200 g), 300 ll of the

radiolabeled photosensitizer (specific activity: 268.12 MBq/

lmol/rat) were intravenously injected into the tail vein.

Three animals were sacrificed at 30, 60 and 120 min post-

injection via anesthesia. After the organs were removed, they

were weighed and counted using a Cd(Te) RAD-501 single

channel analyzer. Then, the percentage of radioactivity per

gram of organs (%ID/g) was determined [21].

Cell culture

Cell culture studies were carried out using the MCF-7 and

MDAH-2774 cell lines. The cells were cultured in Roswell

Park Memorial Institute (RPMI) 1640 containing 100 IU/ml

penicillin G, 100 mg/ml streptomycin and 10 % heat-inac-

tivated fetal bovine serum (FBS) and were maintained at

37 �C in an incubator containing 5 % CO2.

Cytotoxicity assay of the photosensitizer

The water soluble tetrazolium salts (WST-1) method was

used in order to determine the IC50 value of Ni-PH-A. A

working group consisting of MCF-7 and MDAH-2774 cells

was placed in a 96-well culture plate (1 9 105 cells in each

well), and after 1 day incubation, 1.5–100 lM compounds

which were prepared with RPMI 1640 (w/o FBS) were

added in each well. Twenty-four hours later, the cell cul-

ture medium was removed, and RPMI 1640 (with FBS)

was added to each well. After 1 h of incubation, 50 ll of

the WST-1 kit was added to the wells. The absorbance in

the wells was measured by a microplate reader (Varioskan

Flash Multimode Reader-Thermo, Finland) at 450 nm 3 h

later. Then, the percentage of cytotoxicity was calculated.

Intracellular uptake of 131I-Ni-PH-A

The in vitro cellular uptake of 131I labeled Ni-PH-A was

performed using the MCF-7 and MDAH-2774 cell lines. The

cells were placed in 24-well culture plates (1 9 105 cells in

each well) at 37 �C incubation for 2 days for MCF-7 and

1 day for MDAH-2774 cells. The cell culture medium was

removed, and the wells were washed twice with 0.9 % NaCl

solution. After that, the radiolabeled photosensitizer

(25 lM/25 lCi) which was diluted with minimum essential

medium (MEM) (w/o FBS) was added to the cells. Ten times

more inactive Ni-PH-A was added for the blocking process

before the addition of the radiolabeled photosensitizer [22].

After 1 h incubation, the wells were counted by a Cd(Te)

detector. The radioactive cell culture medium was removed

and cells were washed once. Then, the same amount of 0.9 %

NaCl solution was added in each well. After counting the

cells again, the data were analyzed, and the percentage up-

take was calculated.

In vitro photosensitizing efficacy

The MCF-7 and MDAH-2774 cell lines were cultured in

RPMI 1640 supplemented with 10 % FBS in 95 % hu-

midity with 5 % CO2. The cells (1 9 105 cell/well) were

seeded in 96-well plates. They were incubated overnight

before adding the desired Ni-PH-A compound at variable

concentrations (1.56–100.00 lM). After 3 h of incubation

with the compound in the dark, the cells were exposed to

red light at 650 nm at doses of 10–30 J/cm2. Fresh medium

was added and the cells were incubated for 24 h after light

treatment. Phototoxicity was assessed after 24 h by com-

paring the growth of treated cells to control cells as mea-

sured by formazan production using the WST-1 assay.

Statistical analysis

Differences in the mean values of measured activities were

evaluated statistically by using SPSS 16.0 (univariate

variance analyses and Pearson correlations). Probability

values of p\ 0.05 were considered significant.

Results

The nickel complex (4) was synthesized from Chl a, which

was extracted from Spirulinamaxima algae [16] according to

the route outlined in Scheme 1. Chl a was converted into

pheophorbide a and the latter was reacted with an excess of

benzyl alcohol to obtain methyl 3-devinyl-3-{10-(benzy-

loxy)-ethyl}pheophorbide-a (3) by following the literature

procedure [18]. The final product (4) was purified by column

chromatography, and characterized by NMR and mass

spectroscopy. On the other hand, the calculated molecular

mass for 127I-C43H44N4O6Ni was 896.2. This is in agreement

with the results found LC–MS/MS. It is known that oxidize

iodine reacts electrophilically with aromatic ring [20].
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Quality control for radiolabeling

The labeling efficiency of Ni-PH-A was determined using

the TLRC method. Rf values of Na131I and 131I labeled Ni-

PH-A were determined as 0.45 and 0.93 by TLRC, re-

spectively, when mobile phase 1 (n-butanol/water/acetic

acid, 4:2:1) was used. When mobile phase 2 (chloroform/

acetic acid, 9:1) was used, the Rf values of Na131I and 131I

labeled Ni-PH-A were 0.05 and 0.93, respectively. The

radiolabeling yield of 131I labeled Ni-PH-A under the op-

timum reaction conditions (1 mg iodogen, pH 10, room

temperature, 30 min), was determined as 91.0 ± 3.7 %.

Effect of reaction pH

The pH experiments performed in a 1 mg iodogen tube

showed that the radiolabeling yield of 131I-Ni-PH-A was

low at pH 3 (62.0 ± 4.2 %) and pH 8 (77.6 ± 2.5 %).

However, the radiolabeling efficiency of the photosensi-

tizer was found to be 91.0 ± 3.7 % at pH 10 (Fig. 2).

Effect of the amount of iodogen

The studies regarding the amount of iodogen were per-

formed at pH 10, the results show that 0.25 and 0.5 mg

iodogen was not sufficient although 131I was oxidized un-

der these conditions. However, 1 mg iodogen was suitable

for the study, and its radiolabeling efficiency was found to

be 91.4 ± 3.6 % (Fig. 3).

Stability studies

The in vitro stability study was performed to determine the

shelf-life of the radiolabeled photosensitizer. While the

radiolabeling efficiency in the first 30 min was found to be

91.3 ± 3.4 %, the radiolabeled yield at the end of

1440 min decreased to 85.1 ± 3.5 % (Fig. 4).

Biodistribution

The in vivo study of 131I labeled Ni-PH-A was carried out

using female albino Wistar rats. The results can be seen in

Scheme 1 Synthesis of methyl 3-devinyl-3-{10-(benzyloxy)-ethyl}pheophorbide-a nickel complex (4), a 20 % H2SO4, MeOH, RT, 12 h,

b 30 % HBr in acetic acid RT, 12 h, benzyl alcohol, CH2Cl2, K2CO3, inert atmosphere, 45 min, c Ni(OAc)2, MeOH, THF, RT, overnight

Fig. 2 Labeling yield of 131I-Ni-PH-A at different pH values

Fig. 3 Labeling yield of 131I-Ni-PH-A at different amount of iodogen
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Fig. 5. The uptake of 131I-Ni-PH-A reached a maximum in

the lung (%ID/g: 0.61 ± 0.15), liver (%ID/g: 4.80 ± 0.16,

p\ 0.05) and ovary (%ID/g: 0.58 ± 0.15, p\ 0.05) at

30 min. However, the uptake of radiolabeled photosensi-

tizer was determined as stable in the liver and lung with

time. The radiolabeled Ni-PH-A showed remarkable up-

take in ovary at first 30 min, but it decreased during study

period. It is observed that radiolabeled Ni-PH-A uptake is

statically significant in the liver, lung and ovary. On the

other hand, the uptake in muscle and blood is lower than

that in mentioned organs during the experiment time.

Besides, the thyroid gland was controlled, and its activity

was found to be low. It was found that 131I labeled Ni-PH-A

is stable in vivo against biological decomposition.

Cell culture studies on MCF-7 and MDAH-2774

cells

According to the XTT cytotoxicity test results, 50 % cell

viability was observed at a concentration of 135.7 lM Ni-

PH-A. The IC50 value of Ni-PH-A was calculated as

135.7 lM for the MCF-7 cell line and 379.2 lM for the

MDAH-2774 cell line.

131I labeled Ni-PH-A showed better binding to MCF-7

than MDAH-2774 cells. Fifty six percent of reduction

was observed in cell-associated radioactivity when the

uptake by MCF-7 was significantly blocked by a 10-fold

molar excess of unlabeled Ni-PH-A, (Fig. 6). On the

other hand 62 % of reduction was determined on

MDAH-2774 cells binding while comparing blocked

uptake with unblocked cell-associated radioactivity.

Therefore, cell culture studies indicated that 131I labeled

Ni-PH-A was higher in MDAH-2774 than MCF-7 cell

line.

In vitro photosensitizing efficacy

The photosensitizing ability of Ni-PH-A was analyzed in

MCF-7 and MDAH-2774 cells at two concentrations (25

and 50 lM) and different light doses (10, 20, 30 J/cm2)

with a 24 h incubation period. The light dose-dependent

response was determined by the WST-1 assay. Ni-PH-A

was more effective in MDAH-2774 cells than the corre-

sponding MCF-7 cells at a concentration of 50 lM

(Fig. 7). PDT studies on the MCF-7 cell line showed that

the percentage of viability of cells decreased to 10 %, and

the photodynamic effect of the substance was clearly

observed.

Discussion

In our study, the radiolabeling efficiency of 131I labeled Ni-

PH-A was found to be high. In previous studies, Pandey

et al. and Chen et al. studied 124I labeled pyropheophorbide

derivatives, and they obtained quite high labeling yields

[17, 18, 23]. Moreover, the charge of radiolabeled Ni-PH-A

was found to be neutral according to the electrophoresis

results. Besides, PH-A and some PSs similar to PH-A (T3,

4BCPC, PH-A-BSANPs, Photosan-3, hematoporphyrin

Fig. 4 In vitro stability of 131I labeled Ni-PH-A at different times

after labeling

Fig. 5 Biodistribution results

of 131I labeled Ni-PH-A
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linked albumin nanoparticles) have been labeled with
99mTc [24–27]. Smith et al. used different metal complexes

of PH-A (Ni, Cu, Zn, etc.) [15]. According to the HPLC

results, the retention times (Rt) of 131I and 131I-Ni-PH-A

were 3.8 and 4.2 min, respectively. As a result, high ra-

diolabeling efficiency was observed according to RHPLC

results, and these results were supported by the TLRC

results.

The amount of iodogen studies showed that oxidized

iodine can be easily bind to the benzene ring via an elec-

trophilic substitution reaction [19, 28–31].

It was reported by Ozgur et al. that the maximum uptake

of 99mTc-PH-A-BSANPs in the breast and uterus was at

120 min. However, the uptake of 99mTc-PH-A was seen to

be high in the ovary and uterus at 120 min and in the breast

at 60 min [21]. Our results demonstrate that 131I labeled

Ni-PH-A has higher uptake in the ovary at 30 min, unlike
99mTc-PH-A-BSANPs and 99mTc-PH-A. These results

could be leaded by the presence of the nickel atom.

However, photosensitizer-conjugated nanoparticles or

positive effects of metal ions have been reported in the

literature. The studies have shown that the presence or

absence of a metal ion in a photosensitizer affects its up-

take in organs. In this content biological potential of ra-

diolabeled photosensitizer might be change due to presence

of a metal [32].

Carcenac et al. studied with a PS radiolabeled with 125I.

The biodistribution studies were performed in nude mice.

According to the biodistribution results, the uptake of 125I-

PS was determined as high as our results in liver, kidney,

large intestine [32]. However, Liu et al. studied in vitro

(HepG2 human hepatoma cell line) and in vivo (nude mice

bearing liver cancer) PDT with a PS loaded in hollow silica

nanoparticles and conventional PS. They succeed both

in vitro and in vivo PDT experiments on treating the liver

cancer [33].

While the liver uptake was slowly decreasing, the up-

take was almost stable in the intestine after 2 h (Fig. 6). It

showed that the route of excretion was through hepatobil-

iary pathway. Other studies also showed that many analo-

gous PSs, i.e. 99mTc-PH-A-BSANPs, 99mTc-PH-A, and
99mTc-HP, PH-A (such as T3, 4BCPC, and Photosan-3)

were removed from the body via the urinary system

[24, 25, 27, 34, 35].

Pandey et al. postulated that the high affinities of the

liver and spleen for these compounds could be resulted

from their higher lipophilicity [18]. The lipophilicity of 131I

labeled Ni-PH-A was 2.07 ± 0.24. We obtained similar

results in the previous study. In addition, there are some

studies in the literature on PSs showing promising results

both in the detection and PDT treatment of lung cancer in

preclinical and clinical studies [36–38].

In similar to cell culture studies, the MCF-7 breast

cancer cell model was investigated for an in vitro evalua-

tion of 99mTc-PH-A-BSANPs and 99mTc-PH-A [23, 24]. It

was found that the intracellular uptake of that both com-

pounds was specific for MCF-7 cells. In another study,
99mTc-HP-ANP had increased penetration in murine lung

tumors induced by CT-26 colon cancer cells, compared to

normal lungs, and 99mTc-HP-ANP demonstrated good ra-

dio imaging properties, according to scintigraphic

Fig. 6 Intracellular uptake of 131I labeled Ni-PH-A in MCF-7 and

MDAH-2774 cell lines

Fig. 7 The in vitro photosensitizing activity of Ni-PH-A in a MCF7,

b MDAH-27 tumor cells (25 and 50 lM) at 24 h incubation. Control:

cell exposed to light without photosensitizer
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application in rabbits [27]. In a previous study PHSA was

found to induce greater phototoxicity than Pheo in Jurkat

cells [23].

In conclusion, our radiolabeled Ni-PH-A shows high

uptake in ovary of normal rats at 30 min. At the same time

the uptake in liver and lung was high and almost stable

with time. As it is known, the uptake of radiopharmaceu-

ticals at tumor tissue is higher than the normal tissue due to

the increase in the number of receptors at tumor tissues

[21]. Hence, the radiolabeled Ni-PH-A might have poten-

tials for ovarian, lung and liver tumors.

Conclusions

In the current study, the biodistribution of 131I labeled Ni-

PH-A in healthy female rats indicated high uptake in the

ovary and liver. 131I labeled Ni-PH-A showed specific

uptake in a human ovarian adenocarcinoma cell line and

the ovary in normal rats. In addition, Ni-PH-A demon-

strated good PDT efficacy. Further research will have to

improve nuclear imaging potential of radiolabeled Ni-PH-

A in ovarian, lung and liver tumors bearing animal. At the

same time, Ni-PH-A are encouraging for novel approaches

in PDT so it merits further explanation.
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