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Abstract: Background and Objective: Pancreatic cancer is very common and difficult to diagnose 

in early stage. Imaging systems for diagnosing cancer have many disadvantages. However, 

combining different imaging modalities offers  synergistic advantages. Optical imaging is the most 

multidirectional and widely used imaging modality in both clinical practice and research.  

Methods: In present study, Zinc(II) phthalocyanine [Zn(II)Pc] was synthesized, labeled with iodine-

131 and in vitro study was carried out. The intracellular uptake studies of radiolabeled Zn(II)Pc were 

performed in WI-38 [ATCC CCL-75™, tissue: human fibroblast lung] and MIA PaCa-2 [ATCC 

CRL-1420™, tissue: human epithelial pancreas carcinoma] cell lines. 

Results: The intracellular uptake efficiency of radiolabeled Zn(II)Pc in MIA PaCa-2 cells was 

determined two times higher than WI-38 cells. Also, fluorescence imaging (FI) efficiency of 

synthesized Zn(II)Pc was investigated in MIA PaCa-2 cells and significant uptake was observed.  

Conclusion: Zn(II)Pc might be used as a new agent for dual fluorescence/nuclear imaging for 

pancreatic cancer. 
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INTRODUCTION 

Cancer, caused by abnormal cell proliferation has 
become a very common disease in recent years. There are 
many known types of cancer in medicine. Pancreatic cancer 
is one of the most aggressive types and difficult to diagnose 
in early stage. Pancreatic cancer is the fourth most common 
in the world and also difficult to diagnose and therapy [1-3]. 

There are many imaging systems such as magnetic 
resonance imaging (MRI), positron emission tomography 
(PET) and fluorescence imaging (FI). These systems have 
some advantages and disadvantages. MRI has high 
resolution but low sensitivity. Although nuclear imaging 
which is radionuclide-based monitoring is quite sensitive and 
highly quantitative. But they have poor spatial resolution. 
However, quantitative information is hard to get by using FI 
[4]. Even so FI has wide application areas because of its low 
cost, low energy radiation, high sensitivity and allowing non-
invasive or minimally invasive applications [5, 6]. Therefore, 
combined imaging systems could eliminate these advantages 
of single imaging systems. 
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An inability to penetrate depth, one of the disadvantages 
of fluorescence imaging is the inability to penetrate depth, 
can be solved using near infrared (NIR) fluorescence 
imaging. Deep tissues and organs could be monitored with 
an ideal fluorescence probe by NIR fluorescence imaging [7, 
8]. Zinc phthalcyanines are very suitable candidates for 
fluorescence imaging due to high extinction coe cients, 
convenient quantum  yields, high photo stabilities, tumor-
localizing properties, good biocompatibility and low dark 
toxicity [9-11]. On the other hand radiolabeled 
phthalcyanines were investigated as nuclear imaging agent 
[12-15]. 

In the present study, we focused on determination of FI 
efficiency of a synthesized Zn(II) phthalocyanine and 
nuclear imaging potential of 

131
I labeled Zn(II)Pc in WI-38 

and MIA PaCa-2 cell lines as in vitro.  

MATERIALS AND METHODS 

Materials 

All chemicals used for the in vitro studies were 
purchased from Biological Industries; all other chemicals 
were procured from Merck. Iodogen was supplied from 
Sigma-Aldrich. Thin-layer chromatography-cellulose gel 
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(ITLC-F plastic sheets 20x20) was purchased from Merck. 
Radiolabeling experiments were analyzed using a Bioscan 
AR2000 TLC Scanner. 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 Zinc(II) 2(3),9(10),16(17),23(24)-tetratert-
butylphthalocyaninato (2-)-N

29
, N

30
, N

31
, N

32
 

Zinc (II) 2,(3),9(10),16(17),23(24)-tetra-tert-butyl 

phthalocyaninato was synthesized according to a literature 

procedure [16]. A mixture of 4-tert-butylphthalonitrile (1g, 

5.42 mmol) and ZnCl2 (0.36 g, 2.7 mmol) was refluxed in 

dimethylaminoethanol (DMAE) (5ml) under argon 

atmosphere for 20 h. The solvent was removed under 

reduced pressure and the blue solid was washed with a 

MeOH-H2O (5:1) mixture. The solid residue was purified by 

column chromatography on silica gel (Hexane/dioxane, 3:1), 

to yield 310 mg, 0.38 mmol tetra-tert-butyl phthalocyanine 

as a blue solid. Yield: 28%. The characterization of the 

compound was carried out via 
1
H-NMR, FTIR and MS. 

Radiolabeling and Radiochemical Purity Analysis 

Synthesized Zn(II)Pc shown in Figure 1 was dissolved in 

DMSO. Zn(II)Pc (50 g) was diluted with distilled water to 

300 μl and the solution was adjusted pH 7 for radiolabeling. 

Prepared Zn(II)Pc was radiolabeled with 
131

I (9.25 MBq) 

using iodogen method. Iodine is oxidized by the iodogen and 

oxidized iodine can easily bind to benzene ring in Zn(II)Pc 

via an electrophilic substitution reaction. One mg iodogen 

was dissolved in 250 l dichloromethane in a vial. The sol-

vent was left to evaporate forming a thin solid layer on the 

wall of the reaction vial. Zn(II)Pc solution (50 g/300 μl) 

was added into iodogen coated vial and then 
131

I was added 

and incubated for 30 min at room temperature. The quality 

control of radiolabeling was determined using TLRC method 

[17-21]. Cellulose-coated plastic (ITLC-cellulose) sheets 

(1 10 cm; Merck) and two different mobile phases [mobile 

phase 1: chloroform-acetic acid (9:1) and mobile phase 2: n-

butanol-water-acetic acid (4:2:1)] were used to determine the 

radiolabeling efficiency. The cellulose sheets were scanned 

on a TLC-scanner (BioScan AR-2000 Washington DC, 

USA).  

Cell Culture 

Cell culture studies were carried out using WI-38 and 

MIA PaCa-2 cell lines. The cells were cultured in MEM 

Non-Essential Amino Acid Solution containing 100 IU/ml 

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

inactivated Fetal Bovine Serum (FBS) and were maintained 

at 37°C in an incubator containing 5 % CO2. 

Cytotoxicity Assay of Zn(II)Pc 

The dark red-colored WST-1 reagent (2-(4-iodophenyl)-

3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, 

monosodium salt), was used to monitor Zn(II)Pc toxicity on 

MIA PaCa-2 and WI-38 cell lines. The cells were placed in a 

96-well culture plate (2  10
5
 cells in each well) and the IC50 

dose of Zn(II)Pc was determined using different Zn(II)Pc 

concentrations (1.56 to 100.00 M) for 24 h. The number of 

living cells was determined by adding 20 l cell proliferation 

reagent, WST-1, to each well. The yellow-colored formazan 

salt was formed and the absorbance was measured in a micro 

plate reader (Thermo) at 450/630 nm, after 20, 40 and 60 

min. Then the percentage of cytotoxicity was calculated.  

Cells Imaging 

Fluorescence imaging study was performed to investigate 

the interactions of Zn(II)Pc with MIA PaCa-2 cells. The cells 

were fixed on a slide 2 days before experiment. The medium 

was removed and Zn(II)Pc solution (25 M) diluted with 

MEM (without FBS) was added on cells for 2 h at 37°C 

incubator after 2 days. Then the cells were washed twice 

with PBS and DAPI solution added for staining the cells 

nucleus. The cells were washed again with PBS after 15 min. 

Photographs were taken under green and dapi filter with 

Fluorescence microscope (Olympus BX53F) equipped with a 

CCD camera (Olympus DP72).  

Intracellular Uptake of 
131

I Labeled Zn(II)Pc 

The in vitro intracellular uptake of 
131

I labeled Zn(II)Pc 

[
131

I-Zn(II)Pc)] was performed using WI-38 and MIA PaCa-

2 cell lines. The cells were placed in 24-well culture plates (1 

 10
5
 cells in each well) in 37°C incubator for 2 days. The 

medium on cells was removed, the wells were washed 2 

times with 0.9 % NaCl solution and radiolabeled Zn(II)Pc 

(25 M, activity: 0.9 Bq) diluted with MEM (without FBS) 

was added on cells after 2 days. At the same conditions we 

assayed to control intracellular uptake of Na
131

I. The wells 

were counted by Cd (Te) RAD 501 signal channel analyzer 

after determined time period incubation (1, 2, 4, 6 and 24 h). 

Then, the radioactive medium on cells was pulled and the 

wells were washed one time in each time period. After that, 

500 ml of 0.9 % NaCl solution was added in each well and 

the wells were counted again. The data were analyzed and 

the percentage of uptake was calculated.  

N

N
N

N

N

N
N N
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Fig. (1). Chemical structure of Zn(II)Pc. 
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RESULTS AND DISCUSSION 

The Charecterization Results of Zn(II)Pc 

1
H-NMR (CDCl3, 400 MHz):  (ppm) = 8.7-8.2 (m, 8H), 

8.0-7.8 (m, 4H), 1.7-1.6 (m, 36H, C(CH3)3) (Fig. 2). FTIR 
(ATR):  (cm

-1
) 2954, 2895, 1613, 1487, 1391, 1255, 1087, 

921, 744 cm-1. UV/Vis (THF): max (log ) = 672 (5.79), 
607 (5.09), 346 (5.03). MS (MALDI-TOF): m/z: 803.798 
[M+H]

+ 
(Fig. 3). 

Radiolabeling Efficiency of Zn(II)Pc 

The radiolabeling quality control was performed by 
TLRC method and Rf values of Na

131
I, 

131
I-Zn(II)Pc were 

determined as 0.05 and 0.95, respectively, when mobile 
phase 1was used. When mobile phase 2 was used, the Rf 
values of Na

131
I, 

131
I-Zn(II)Pc were found to be 0.4 and 0.93, 

respectively. The data showed that the radiolabeling 
efficiency of 

131
I-Zn(II)Pc was obtained as 93.4±1.6 % at pH 

7, room temperature and 1 mg iodogen. 

 

Fig. (2).
1
H-NMR (CDCl3) spectrum of Zn(II)Pc. 

 

Fig. (3). MALDI-TOFspectrum of Zn(II)Pc. 
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Fig. (5). Fluorescence microscope images of Zn(II)Pc on MIA 

PaCa-2 cells with 10 m scale bars (a) and (b); Zn(II)Pc on MIA 

PaCa-2 cells with green filter, (c) and (d); Zn(II)Pc on MIA PaCa-2 

cells with DAPI filter,(e); superimposed image of (a) and (c), (f); 

superimposed image of (b) and (d).  

Cytotoxicity of Zn(II)Pc  

IC50 doses of Zn(II)Pc were 55.47 M in MIA PaCa-2 
pancreatic cancer cell line and 120.50 M in WI-38 human 
fetal lung fibroblast cell line (Fig. 4). In the another study 
IC50 value of Zn(II)Phthalocyanine derivatives had been 
determined to be nM level in human colon adenocarcinoma 
cells [22]. Hairong et al. evaluated the dark-toxicity of 
Zn(II)Phthalocyanines in HEp2 [ATCC CCL-23™, tissue: 
human HeLa contaminant carcinoma]  cells. Although IC50 

value of Zn(II)Pc 11 was found as to be around 85 μM, 
Si(IV)-Pcs were stated to be nontoxic [23].  

Cells Imaging 

The fluorescence imaging experiment was carried out to 
determine the relations between MIA PaCa-2 cells and 
Zn(II)Pc in Figure 5. For this reason Zn(II)Pc compound was 

added on the cells and fluorescence microscope images were 
taken under green and DAPI filter. The images show that 
Zn(II)Pc has significant uptake by MIA PaCa-2 cells. 

Hydrophobic ZnPc structures are transported by lipopro-

teins. Therefore, they are directly taken up with tumor cells 

and localized in subcellular membrane structures [24, 25]. 

It’s clearly seen in our cell imaging study, Zn(II)Pc was not 

uptaken by cell nucleus, however Zn(II)Pc was localized in 

the cell cytoplasm. In the fluorescence imaging studies, 

ZnPcs are localized in Golgi apparatus at shorter incubation 

periods. However, there is still the presence of ZnPc in Golgi 

apparatus and also mitochondrial localization could be ob-

served in the longer incubation periods [25].  

In literature Lv et al. synthesized lactose and galactose 

substituted Zn(II)Pc. And in vivo fluorescence imaging 

ability of the compounds  was determined for liver cancer, 

lung cancer and melonama cancer with tumor bearing mice. 

Zn(II)Pc showed potential as a targeting optical probe in the 

diagnosis of liver cancer [26, 27]. As seen in several studies, 

Zn(II)Pc and derivatives could be used for fluorescence 

imaging. For these reason we observed as in vitro that 

Zn(II)Pc has FI ability in pancreatic cancer. Hence FI ability 

of Zn(II)Pc will be investigated in vivo in future. 

The Intracellular Uptake  

The intracellular uptake study results in WI-38 and MIA 
PaCa-2 cell lines are shown in Figure 6. It is observed that 
the intracellular uptake of 

131
I-Zn(II)Pc increased with time 

and reached maximum at 4 hours (1.61±0.12 %) in MIA 
PaCa-2 cell lines. However, 

131
I-Zn(II)Pc depicted maximum 

uptake in WI-38 cell line at 1 h (0.92±0.21 %) and began to 
decrease with time. As a result, it was observed that the 
intracellular uptake of 

131
I-Zn(II)Pc was higher in MIA 

PaCa-2 cells than WI-38 cells. At the same time, the uptake 
of 

131
I was examined as control group in both cell lines. The 

results showed that the intracellular uptake of 
131

I was much 
lower than uptake of 

131
I-Zn(II)Pc in both cell lines. The ra-

tio of intracellular uptake of the cancer cell lines (MIA 
PaCa-2) to normal cell line (WI-38) is enough high for nu-
clear imaging.  Tumor-to nontumor (T/NT) ratio of 2 is ade-
quate for imaging of tumor [28]. Thus the radiolabeled Pc 
may be useful in pancreatic cancer nuclear imaging. In 
another study, new synthesized water-soluble sulfonated zinc 
phthalocyanine radiolabeled with 

68
Ga and 

64
Cu was 

 

 

Fig. (4). Cytotoxicity of 3.13-100.00 M concentration of Zn(II)Pc in MIA PaCa-2 and WI-38 cell lines. 
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investigated and the compound showed promising results for 
dual fluorescence/PET imaging [14]. 

Thereby, in the literature, Pcs show significant uptake in 
human nasopharynx KB carcinoma cells, human colon 
adenocarcinoma cells and human HeLa contaminant 
carcinoma cells [22, 23, 29, 30]. 

The lipophilicty of 
131

I-Zn(II)Pc had been found to be 
highly lipophilic (13.3±3.0) by our group [20, 21]. For this 
reason, the intracellular uptake of 

131
I-Zn(II)Pc in MIA 

PaCa-2 cells is higher than WI-38 cells. In literature, it is 
observed that lipophilic Zn(II)Pcs have high uptake in HSC-
2 human oral squamous carcinoma cell line at 2 hours and 
uptake of more hydrophilic compounds was poor [31].  

It is known that tumor tissues are more acidic than 
normal tissues due to excessive lactic acid production in 
cells [32]. However, cellular localization of hematoporphyrin 
derivatives is more effective in lower pH [33]. Therefore, it 
is possible that Zn(II)Pc had showed higher uptake in tumor 
cells. 

As shown in our study, Zn(II)Pc is convenient to use as 
multifunctional agent for combining imaging studies owing 
to its tumor-localizing efficiency and low toxicity and 
sufficient to radiolabeling features.  

CONCLUSION 

As a result, we synthesized a Zn(II)Phthalocyanine and 
investigated its fluorescence and nuclear imaging ability for 
pancreatic cancer. Zn(II)Pc showed high radiolabeled 
efficiency with 

131
I and significant intracellular uptake in 

MIA PaCa-2 cell lines. At the same time, in vitro 
fluorescence imaging study with MIA PaCa-2 cells showed 
good results. The results form the basis further in vivo study. 
Thus, the synthesized Zn(II)Phthalocyanine migh be a 
promising candidate for dual fluorescence/nuclear imaging 
pancreatic cancer.  
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