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Introduction: Metalloporphyrin-based contrast agents can improve probe 
functionality such as biocompatibility, prolonging presence in blood, and specific 
tumor accumulation. Herein, we report synthesis, structural characteristics, 
quality control, and nuclear imaging of new metalloporphyrin-based contrast 
agents.  
Methods: To combine photodynamic therapy (PDT), magnetic resonance imaging 
(MRI), positron emission tomography (PET), and single-photon emission computerized 
tomography (SPECT), Gadolinium-proto porphyrin IX complex was synthesized via 
direct complexation method, then the metalloporphyrin (MP) was labeled with 
gallium-67 and gallium-68 in separated runs. In-vivo biodistribution studies were 
performed in mice bearing breast tumor (4T1 mouse mammary tumor cell line) and 
normal rats (for better visualization).  
Results: Adsorption of the labeled compound into the tumor (ID/g % up to 4.6%), 
despite the small size of the tumor, had an upward trend at all times, and high and fast 
(less than 45 min) uptake of radiotracer in cancerous tumors was observed. 
Conclusion: Fast and high tumor uptake revealed that this radiotracer could 
potentially be used as a theranostic agent. 
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INTRODUCTION 

Recently, there has been growing interest in the 
development of tumor-specific 
diagnostic/therapeutic substances based on 
metalloporphyrin complexes to identify and destroy 
malignant and neoplastic tissue [1-5]. To improve 
theranostic efficacy in nuclear medicine, an ideal 
theranostic agent (ThA) should have 
biocompatibility, specificity, high tumor 
accumulation and fast excretion from body to 
minimize unwanted radiations. The first 
requirement for an efficient ThA is a high 
biocompatibility. Protoporphyrin IX (PpIX) is a 
biocompatible compound which is commonly used 
in PDT and has low cytotoxicity to human kidney 
cells and keratinocytes [6, 7]. The second factor is 
the rate of accumulation in tumor and ability to 
destroy cancer cells. PDT agents can accumulate 
preferentially in abnormal/malignant tissues. These 
tissues are subjected to the light source for 
generating cytotoxic reactive oxygen species which 
produce necrosis and/or apoptosis in them [8]. The 
ability to form stable complexes is the other critical 
factor to have a non-toxic agent. Due to the 
accumulation of metal ions in vital organs such as 
liver, kidney and bone marrow, gadolinium (Gd+3) 
and gallium (Ga+3) cannot be used as tracers in their 
ionic forms. This challenge can be addressed by 
complexation with porphyrins. Bohle et al.’s findings 
proposed a stable dimeric propionate-bridged 
dimer for Gallium (III) protoporphyrin IX [9, 10]. This 
structure was also confirmed by spectroscopic and 
theoretical experiments in another study [11]. 
Ga (III)-protoporphyrin IX chloride, can be taken up 
by Staphylococcus aureus within seconds and can be 
used for the treatment of drug-resistant 
staphylococcal infections [7]. Ga (III)-protoporphyrin 
IX at concentrations below 128 µM does not show 
cytotoxicity on several human cell lines [12]. This 
complex did not change the behavior and health of 
mice after administration of one dose of 25-30 
mg/kg followed by 4 daily dose of 10-12 mg/kg [13], 
but showed great antibacterial activity [14]. 
The progress in theranostic agents’ development 
has bolstered the prospects of cancer detection and 
treatment through the evolution of a variety of 
hybrid compounds, which includes radiolabeled MRI 
agents with therapeutic properties [15]. Water 
soluble gadolinium porphyrin complexes were 
developed as multifunctional theranostic agents 
based on PDT, MRI, and phosphorescence-based 
oxygen indication [16, 17]. On the other hand, 
radiolabeled porphyrins were used successfully for 
detection and treatment of neoplastic lesions [18-
26]. 

Photodynamic therapy is a noninvasive method for 
cancer therapy based on a photosensitizers (which 
are cyclic tetrapyrrolic scaffolds like porphyrins), 
light, and oxygen interaction. Usually, porphyrin 
molecules, which are accumulated in tumor cells, 
are excited by light to a triplet state and toxic 
reactive oxygen species (ROS) are generated. 
Protoporphyrin-IX and its metallic complexes have 
been used as photosensitizer for treatment of 
cancer [27-30]. Besides the anticancer applications, 
researchers proposed Protoporphyrin-IX and PDT as 
antimicrobial treatment. Fast improvement of drug 
design, pre-clinical and clinical trials, relative spread 
and increasing affordability of current medical 
approaches focus attention of scientist on easy 
adjustable theranostics, especially molecules with 
potential multimodal application to collect 
completely different information by using a single 
dose of medicine. 
Due to the great potential of protoporphyrin IX for 
oncological imaging and treatment of tumors in 
PDT, it is of great interest to evaluate the 
biodistribution, tumor avidity, and the ability to 
form radiolabeled complexes while attaching to 
Gd+3 to  form hetro-metal complex with 67Ga and 
68Ga radionuclides.  So, in this study, Gadolinium-
proto porphyrin IX complex was synthesized, then 
the metalloporphyrin (MP) was labeled with 
gallium-67 and gallium-68. In-vivo biodistribution 
studies were studied in mice bearing breast tumor. 
The final products can be used as imaging agents 
using MRI, SPECT/ PET while they can also be used 
as PDT agent.    

METHODS 

Preparation of Gd (III)-protoporphyrin IX complex 
(PP IX-Gd)    
All chemicals were obtained from Merck KGaA 
(Germany) and gallium radionuclides were provided 
from the Pars Isotope Company (Iran) (the activity of 
each Ga-68 generator was 40 mCi and Ga-67 was 
obtained in chloride form with the activity of 30 mCi 
in a volume of 0.5 ml). A mixture of 1 millimole of 
protoporphyrin IX disodium salt (3, 7, 12, 17-
tetramethyl-8, 13-divinyl-2, 18-porphine dipropionic 
acid disodium salt, 606 mg)  and 1 millimole of GdCl3 
(263 mg, 99.99%) in aqueous solvent (H2O, 5ml) in 
the Ar atmosphere was allowed to be refluxed 
overnight in dark. 

Radiolabeling of PP IX-Gd with gallium-67/68, 
quality control and animal studies 
Typically, to label the protoporphyrin IX-gadolinium 
complex with gallium-67 and gallium-68 (in separate 
runs), 30 mCi of radionuclide in the form of GaCl3, 
was dried using heat and passing nitrogen to remove 
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the HCl content. Then, 50 µl of PP IX-Gd (from a 
1mg/ml stock solution) and 1/5 ml of sodium 
acetate buffer (pH 5.5-6) were added and refluxed 
for 60 minutes. The final product was then passed 
through a 0.22 μm filter and its pH was reset using 
the sodium acetate buffer in the range of 5.5-6.  

Quality control 
Radio thin layer chromatography (RTLC) was used to 
determine the radiochemical purity of the labeled 
porphyrin complex. A 5 μl sample of the final 
product was fixed on Whatman No. 2 paper and 
placed in a RTLC tank containing 0.1 mM DTPA as 
mobile phase. After complete migration (10 cm) of 
the mobile phase, Whatman paper was removed 
from the tank and dried. It was then evaluated by 
the Bioscan AR-2000 RTLC scanner. Partition 
coefficient (log 𝑃) of labeled compound was 
calculated followed by the determination of 𝑃 
(𝑃=the ratio of specific activities of the 1-octanol and 
normal saline phases) [31]. 

Animal studies 
3.7 MBq of the labeled compounds were injected to 
rodents via tail vein with insulin syringes. SPECT and 
PET (Co-Incidence) imaging were done after 
injection using a dual-head Sopha Medical Vision 
DST-XL SPECT system with a useful field of view 

(UFOV) of 540 mm *400 mm. The biodistribution of 
the 68/67Ga-labeled protoporphyrin IX-gadolinium 
complex [68/67Ga]Ga-PP IX-Gd among vital organs of 
the rodent’s body was assessed using high purity 
germanium (HPGe) Radiation Detector. The percent 
of initial injected dose per gram of tissue (%ID/g) 
were recorded. 
In-vivo biodistribution studies were performed in 
mice bearing breast tumor (4T1 mouse mammary 
tumor cell line) and normal rats (for better 
visualization). Prepamouseion of breast carcinoma 
was done according to litreture [31], About 200 
000–300 000 cells in homogenized mixture were 
injected subcutaneously into normal mice under 
sterile conditions. In 3–4 weeks mice with the tumor 
tissue reaching about 2 cm3 were ready for animal 
studies. 

RESULTS AND DISCUSSION 

Synthesis of PP IX-Gd with gallium-67/68 
Agondanou et al. have reported the structure and 
electronic properties of sandwich-like Gd-porphyrin 
complexes [32]. Other studies have described 
complexation of the lanthanide (III) cations by 
porphyrins and confirmed that the lanthanide (III) 
ions located above the porphyrin plane [33].  

 

 

 

Fig 1. Possible coordination sites for Gd and Ga metals (a). RTLC chromatogram of [68Ga]Ga-PP IX-Gd using DTPA as mobile phase (b) 
and 10% NH4OAc (ammonium acetate) /methanol/acetonitrile (1:1:1) as mobile phase (c) 
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So, Gd (III) ion located above the porphyrin planes 
in a sandwich form and Gallium-68 complexed by 
bidentate ligands of propionic acid groups (Figure 
1a). Bohle et al.’s study showed that there are inter 
and intra-molecular interactions between 
propionic acid groups on porphyrin ring, between 
neighboring carboxylic acids and between 
carboxylic acids and metals [9, 10]. So, they can 
stable metals in the core as well. As shown in Figure 
1b, the radiochemical purity of the prepared 
[68Ga]Ga-PP IX-Gd complex was more than 99%. In 
order to investigate the formation of Ga colloid, 
preparation of [68Ga]Ga-PP IX-Gd was investigated 
using another RTLC conditions, 10% NH4OAc 
(Ammonium Acetate) /methanol/Acetonitrile 
(1:1:1) as mobile phase on Whatman No. 2 papers 
as stationary phase. In this condition free Gallium 
ions remains at the base and complex migrated to 
higher Rf (0.4). Almost no free Ga ions or colloid 
was observed [31].  

Biodistribution    
Among all diagnostic methods for cancer detection, 
MRI and PET give the most accurate information. So 
to have a possible PET/MRI agent with ability to use 
as the photosensitizer, the [68Ga]Ga-PP IX-Gd was 
synthesized and biodistribution in rodents were 
done. In parallel experiment, [67Ga]Ga-PP IX-Gd was 
also synthesized and planar images were recorded. 
The biodistribution images of [68Ga]Ga-PP IX-Gd in 
normal rats (Figure 2), [67Ga]Ga-PP IX-Gd in normal 
rats (Figure 3), and [67Ga]Ga-PP IX-Gd rats bearing 
breast tumor (Figure 4) are presented. The 
difference between the images originates from the 
difference in imaging methods. In Coincidence 
mode the distance from head of the camera to 
animal is about 60 cm (due to the rotation of the 
heads) and in planar mode the distance is only 12 cm 
so the resolution in planar mode is better with our 
device and more details are seen. 

 

 
Fig 2. Coincidence imaging of [68Ga]Ga-PP IX-Gd in normal rats at 30 min (a), 60 min (b) and 120 min (c) post injection 
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Fig 3. Planar imaging of [67Ga]Ga-PP IX-Gd in normal rats at 30 min (a), 60 min (b) and 120 min (c) post injection 

 

 
Fig 4. Planar imaging of [67Ga]Ga-PP IX-Gd in mice bearing breast tumor at 30 min (a), 45 min (b), 60 min (c), 90 min (d), 120 min (e), 150 min 
(f), 180 min (g) and 24 h (h) post injection 
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As shown in Figures 2, 3 and 4, the labeled 
complex has the significant distribution in the 
bloodstream at all times after injection and has a 
suitable distribution in all examined organs and 
make possibility to detect the tumor in any organ. 
These labeled compounds even cross the 
membranes of brain (blood brain barrier) and 
bone cells and may be suitable for theranostic 
purposes in these organs. After 4 hours, with the 
buildup of free gallium metabolite in the liver, its 
biological distribution in the spleen and 
gastrointestinal tract is increased. Due to the 
excretion of gallium radionuclides from kidneys, 
as well as the very high polarity of proto porphyrin 
ligand (At the pH 7 the partition coefficients (log 
P) for [67Ga]Ga-PP IX-Gd was -0.48), which is 
induced by the presence of carboxylic acid groups 
in the salt form and the presence of gadolinium 
and gallium ions, these labeled compounds are 

mainly excreted from body by the kidneys and 
their presence in the gut and feces are low. The 
kidneys also have significant activity at all times 
after injections, due to the high solubility of the 
labeled compound in water. Tumor uptake, 
despite the small size of the lesion, had an upward 
trend at all times demonstrating high and fast 
uptake of radiotracer in cancerous tumors.  This 
pattern remains often 24 hours post injection 
(Figure 4h). 
These results are supported by the %ID/g diagram of 
[68Ga]Ga-PP IX-Gd  among organs of rats bearing 
breast tumors which illustrated that the major 
accumulations of the nanoparticles post-injection 
were found in the tumor, blood, lung and kidney 
(Figure 5). The labeled complex showed excellent 
stability in human albumin serum at 37°C for 4 h, 
and no measurable amount of free gallium was 
observed.  

 

 
Fig 5. The biodistribution of [68Ga]Ga-PP IX-Gd  in breast  tumor-bearing mice (n=3). 

 
CONCLUSIONS 

Novel radiotracers that potentially can be used as 
SPECT/MRI/PDT or PET/MRI/PDT tri-modality 
imaging/therapy agents were reported. The 
prepared [67/68Ga]Ga-PP IX-Gd is cleared through 
renal pathway. Due to the high and fast tumor 
uptake, lower absorbed dose to patients was 
achieved. So, [67/68Ga]Ga-PP IX-Gd demonstrated 
attractive characteristics as a promising theranostic 
agent in PDT-based cancer detection and therapy.  
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