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During past 3 decades, nuclear medicine has flourished as vibrant and independent medical
specialty in Iran. Since that time,more than 200 nuclear physicians have been trained and now
practicing innearly 158centers throughout the country. In thesameperiod, Tc-99mgenerators
and variety of cold kits for conventional nuclear medicine were locally produced for the first
time. Local production has continued to mature in robust manner while fulfilling international
standards. To meet the ever-growing demand at the national level and with international
achievements in mind, work for production of other Tc-99m-based peptides such as
ubiquicidin, bombesin, octreotide, and more recently a kit formulation for Tc-99m TRODAT-1
for clinical use was introduced. Other than the Tehran Research Reactor, the oldest facility
active in production of medical radioisotopes, there is one commercial and three hospital-
based cyclotrons currently operational in the country. I-131 has been one of the oldest
radioisotope produced in Iran and traditionally used for treatment of thyrotoxicosis and
differentiated thyroid carcinoma. Since 2009, 131I-meta-iodobenzylguanidine has been locally
available for diagnostic applications. Gallium-67 citrate, thallium-201 thallous chloride, and
Indium-111 in the form of DTPA and Oxine are among the early cyclotron-produced tracers
available in Iran for about 2 decades. Rb-81/Kr-81m generator has been available for
pulmonary ventilation studies since 1996. Experimental production of PET radiopharmaceut-
icals began in 1998. This work has culminated with development and optimization of the high-
scale production line of 18F-FDG shortly after installation of PET/CT scanner in 2012. In the
field of therapy, other than the use of old timers such as I-131 and different forms of P-32, there
has been quite a significant advancement in production and application of therapeutic
radiopharmaceuticals in recent years. Application of 131I-meta-iodobenzylguanidine for treat-
ment of neuroblastoma, pheochromocytoma, and other neuroendocrine tumors has been
steadily increasing inmajor academic university hospitals. Also 153Sm-EDTMP, 177Lu-EDTMP,
90Y-citrate, 90Y-hydroxyapatite colloid, 188/186Re-sulfur colloid, and 188/186Re-HEDP have been
locally developed and now routinely available for bone pain palliation and radiosynovectomy.
Cu-64 has been available to the nuclear medicine community for some time. With recent
reports in diagnostic and therapeutic applications of this agent especially in the field of
oncology, we anticipate an expansion in production and availability. The initiation of the
production line for gallium-68 generator is one of the latest exciting developments. We are
proud that Iran would be joining the club of few nations with production lines for this type of
generator. There are also quite a number of SPECT and PET tracers at research and preclinical
stage of development preliminarily introduced for possible future clinical applications.
Availability of fluorine-18 tracers and gallium-68 generators would no doubt allow rapid
dissemination of PET/CT practices in various parts of our large country even far from a
cyclotron facility. Also, local production and availability of therapeutic radiopharmaceuticals
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are going to open exciting horizons in the field of nuclearmedicine therapy. Given the available
manpower, local infrastructure of SPECT imaging, and rapidly growing population, the
production of Tc-99m generators and cold kit would continue to flourish in Iran.
Semin Nucl Med 46:340-358 C 2016 Elsevier Inc. All rights reserved.
Introduction

In Iran, Nuclear Medicine began with 24-hour urinary
radioactive iodine measurement more than half a century

ago and continued mainly in the area of thyroid hormone
measurements and other endocrine-related assays. Research
Center for Nuclear Medicine (RCNM) in Tehran University of
Medical Sciences is the first nuclear medicine center in the
country founded in 1967. This center has been active in all
areas of nuclear medicine and recognized as a center of
excellence. The RCNM is one of the busiest centers in the
region providing broad scope of nuclear medicine services
with particular emphasis in the management of patients with
thyroid cancer. The Iranian Journal of Nuclear Medicine has
been published by RCNM since 1993. The quality and volume
of work that has been published in recent years symbolizes the
robust academic interests in the Iranian nuclear medicine and
radiopharmacy community.
The nation’sfirst residency programwas established in 1983

at the RCNM. Since that time, more than 200 nuclear
physicians have been trained and now practicing in nearly
158 centers throughout the country (Fig. 1). The Iranian
Society of Nuclear Medicine was established in 1973.
Like other parts of the world, advances in nuclear medicine

have occurred in our country in all three main aspects of the
field including imaging, in vitro and laboratory studies, as well
as therapy. At the present time, there are more than 200
SPECT, 5 SPECT/CT, and 3 PET/CT facilities operating across
in the country. Ambulatory treatment is a common practice in
all nuclear medicine centers; however, there are 10 hospitals
with dedicated wards for inpatient treatment especially for
thyroid cancer, bone pain palliation, radiosynovectomy (RSV),
131I-meta-iodobenzylguanidine (MIBG) therapy, etc.
With a population of 78.1 million as of 2014, it is no

surprise that over 360,000 diagnostic and therapeutic nuclear
medicine procedures have been performed throughout the
country. These include approximately 4000 thyroid cancer
and 8000 hyperthyroid treatments.
The first center for nuclear technology in Iran, the Tehran

Nuclear Research Center, was established followed by an
agreement with Autorité des Marchés Financiers, an Amer-
ican company, for construction of Tehran Research Reactor
(TRR) in 1960. Since then, especially during last two
decades, great deal was invested in research and develop-
ment of radiopharmaceuticals, and currently the country has
one of the best production and distribution facilities in the
Middle East region.
The radionuclide production facility includes a 5 MW pool

type reactor located in Tehran and an IBA cyclotron (Cyclon
C-30) located in Karaj operated by Atomic Energy
Organization of Iran, and there are also four hospital-based
cyclotrons in the country.
Diagnostic
Radiopharmaceuticals
Single Photon Emission Computed
Tomography Agents
Tc-99m Generators
Tc-99m radiopharmaceuticals are most applied agents in
nuclear medicine for diagnostic imaging. This radionuclide is
used in over 80% of all diagnostic procedures. Radionuclide
generators are the major point of development and availability
of these tracers.
The first assembling line for 99Mo/99mTc generators was

established in Atomic Energy Organization of Iran in 1979
using imported Mo-99. At the present time, two kinds of
99Mo/99mTc generators are available in the Iranian market.

Gel-Moly Generator. Owing to limitations in importing Mo-
99 since 2006 and existing or increasing demand for Tc-99m
radiopharmaceuticals in the country, the development of gel
generators was completed in 2007, and this low specific
activity generator found its way into clinic at the time
covering the national need under the brand name
JABERTEC. The generator consists of an extra guard column
to remove possible metal impurities interfering the kit
radiolabeling yielding a specific activity of 1.85 GBq/mL.
These generators have been launched at 100, 200, 300, and
400 mCi of activities at national level.

Fission-MolyGenerators. Tomeet the increasing demand for
99Mo/99mTc generators especially inmajor cities in the country,
the need for high specific activity was recognized, and in 2012,
fission-moly–based generators with the brand name of
PARSTEC II with specific activity of up to 18.5 GBq/mL
were launched and are available at 400, 600, 800, and
1000 mCi of activity at national level. Figure 2 shows the
number of 99Mo/99mTc generators distributed in 2014 in the
country. Figure 3 shows the increasing demand of 99mTc usage
(activity) by nuclear medicine centers from 2008-2014.

Tc-99m Cold Kits
Since early 1990s, the kit products are produced and
formulated in the country at authorized manufacturing facili-
ties according to GMP requirements. Some of the available
99mTc-radiopharmaceutical kits distributed nationwide at



Figure 1 Iran map showing the distribution of 158 nuclear medicine centers in 31 provinces.

Figure 2 The number of 99Mo/99mTc generators distributed in 2014 in
the country. G-400, G-600, G-800, and G-1000 demonstrated the
activities of the generators in mCi.

Figure 3 The trend of 99mTc usage (Curie) by nuclear medicine centers
from 2008-2014.
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Figure 4 Number of some cold kits used in the country in 2014. (Color
version of figure is available online.)
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present are as follows: BRIDA,1 DTPA,2 DMSA,3MDP,4MIBI,5

Phytate,6 DMSA(V),7 EC,8 ECD,9 RBC(Snþ2),10 MAA,11

Sulfucolloid,12 HMPAO,13 and antimony trisulfide14 as com-
mon formulations. Recently, some newer products became
available and have been provided for clinical use such as
octreotate, octreotide, ciprofloxacin, bombesin, ubiquicidin
(UBI), and TRODAT. Figure 4 shows the number of cold kit
consumption in the country in the year 2014.

99mTc-UBI
Production. Ubiquicidin (UBI) [29–41] (TGRAKRRMQYNRR,
1693 Da) is a synthetic cationic chemotactic peptide that
preferentially binds to bacterial cell membrane at the site of
infection with high sensitivity and specificity. The radioactive
peptide was totally synthesized and formulated by the
investigators in the country.15

Local Clinical Evaluations. Beiki et al16 evaluated the role of
99mTc-UBI [29–41] in differentiation of orthopedic implant
infection from sterile inflammation. Nine patients with
orthopedic device implants underwent dynamic followed by
static whole-body imaging after intravenous (IV) injection of
10 MBq/kg 99mTc-UBI [29–41]. Considering bacterial culture
from periprosthetic tissue as gold standard, they yielded 100%
sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV), and diagnostic accuracy. They stated
that these results might be influenced by the fact that all
cultures were positive for only Staphylococcus aureus, and
diagnostic accuracy would become lower if microorganisms
with lower affinity for 99mTc-UBI (eg, E. coli) were present at
cultures. In a study conducted by Doroudi et al,17 10 diabetic
patients with suspected infectious or sterile inflammation in
feet, who have not received any antibiotic therapy underwent
both three-phase 99mTc-MDP scan and 99mTc-UBI [29–41]
scintigraphy. By comparison with culture results, combined
techniques lead to a PPV of 100% for detection of infection in
diabetic foot. Rapid distribution of 99mTc-UBI [29–41] at the
site of infection provided interpreters with early diagnosis of
infectious process when interpreting the results with bone scan
landmarks to differentiate bone from soft tissue infection.
Another study by Fard-Esfahani et al18 in evaluation of 99mTc-
UBI [29–41] scintigraphy in differentiation of bacterial
infection from sterile inflammation in 15 patients with
diabetic foot found a sensitivity of 40%. In another study,
Assadi et al19 evaluated and compared diagnostic value of
99mTc-UBI [29–41] scintigraphy with 99mTc-MDP
scintigraphy and MRI. In 20 patients with suspected
osteomyelitis of different sites and underlying diseases, three
imaging modalities were performed. Gold standard was a
consensus of clinicians based on clinical presentation,
histopathologic examinations, wound culture, probing,
response to antibiotic therapy, laboratory tests, and clinical
follow-up. For diagnosis of osteomyelitis, 99mTc-UBI [29–41]
scan showed 100% sensitivity and 100% specificity compared
with 99mTc-MDP scan that revealed 100% sensitivity and 33%
specificity, and MRI with 66.6% sensitivity and 100%
specificity. 99mTc-UBI [29–41] also showed rapid tracer
concentration at the site of infection. Quantitative
measurements after drawing regions of interest over
suspected infected area and contralateral normal area reveal
median abnormal or normal ratios of 1.91 in early 15 minutes
images. Authors concluded that 99mTc-UBI [29–41]
scintigraphy is a sensitive and specific diagnostic modality
for detection of osteomyelitis in early images.

99mTc-Bombesin
Production. Gastrin-releasing peptide receptors are over-
expressed in various human tumor including breast and
prostate cancers, which were targeted with bombesin for
diagnosis and targeted therapy. A new 99mTc-HYNIC-
bombesin derivative was developed as a cold kit in the
country.20

Local Clinical Evaluations. Beiki et al21 evaluated this new
99mTc-Bombesin analogue in differentiation of malignant from
benign breast tumors. In 21 patients with breast tumors, 555-
740 MBq99mTc-Bombesin was intravenously injected.
Dynamic, planar, and SPECT static imaging were performed.
Exicisional biopsy and histopathologic examination were used
as gold standards. The sensitivity, specificity, PPV, and NPV of
99mTc-bombesin scan were 84.6%, 100%, 100%, and 80%,
respectively. They concluded that new 99mTc-bombesin
analogue could be useful in SPECT imaging of primary
breast cancer. Shariati et al22 conducted another study with
the aim of differentiating malignant from benign breast lesions
with 99mTc-Bombesin scintigraphy. Using 370-444 MBq of
99mTc-Bombesin and dynamic and static imaging with SPECT
acquisition and histopathological examination as gold
standard, they yielded a high sensitivity (100%) and NPV
(100%) for detecting malignant breast lesions; however,
specificity (66.1%) and PPV (63%) for differentiating
malignant breast abnormalities from benign lesions were
relatively low.

99mTc-Octreotide
Production. A somatostatin analogue designed for labeling
with 99mTc with a HYNIC moiety was synthesized and
developed as a diagnostic kit in 2012 as a specific
radioligand for the somatostatin receptor-positive tumors.23

Local Clinical Evaluations. Fard-Esfahani et al24 reported a
case with typical clinical features of Cushing syndrome and
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elevated ACTH and serum cortisol levels with bilateral adrenal
hyperplasia seen on spiral abdominal CT scan and normal
brain MRI. Whole-body 99mTc-labeled octreotide acetate
scintigraphy was performed to check for the presence of an
ectopic adrenocorticotropic hormone–producing tumor. The
scan results showed a small focal increase uptake in the lower
lobe of the right lung, just above diaphragm. A spiral chest CT
also revealed a small nonspecific lesion in the same region.
Pathology from transthoracic biopsy specimen confirmed the
diagnosis of anadrenocorticotropic hormone-producing type
of carcinoid tumor. After surgical removal, the patient’s
symptoms resolved and significant clinical improvement was
achieved. Pirayesh et al25 reported a case of a neuroendocrine
tumor in a 30-year-old woman in which 99mTc-octreotide
acetate scintigraphy revealed uptake in the uterus and a
subserosal myoma mimicking tumoral masses.
99mTc-TRODAT-1
Production. Dopamine transporter is a major protein in the
study of dopamine-related diseases such as Parkinson disease
(PD) and Alzheimer disease, and the 99mTc-labeled tropane
derivative, 99mTc-TRODAT-1, is a useful central nervous
system dopamine transporter imaging agent developed
around the world. A kit formulation for the tracer was
developed in the country.26,27
Local Clinical Evaluations. Fallahi et al28 evaluated 99mTc-
TRODAT-1 SPECT in the diagnosis of Parkinson disease vs
other progressive movement disorders in 75 patients (29 PD,
6 possible PD, 22 Essential Tremor, and 18 Parkinson
Syndrome). Dual-head SPECT-CT imaging was performed
to assess basal ganglia activity after IV injection of Tc-Trodat-1,
which after adding indices of asymmetry for basal ganglia and
unevenness of uptake in putaman or caudate lobe or both
contralateral to the dominant side of the patient’s symptom,
resulted in sensitivity, specificity, and PPV of 80%, 83.3%, and
82.6%, respectively. They concluded that 99mTc-TRODAT-1
scan, both based on scan pattern and quantitative indices, is an
appropriate method for differentiating PD or Parkinson
syndrome from essential tremor.
I-131 (Diagnostic)
Sodium iodide I-131 is one of the oldest radioisotopes used for
thyroid evaluation. I-131 has been produced at TRR using an
(n,p) reaction on Xe-124-enriched gas. The radiopharmaceut-
ical has been available in the country for long time.
I-131 MIBG (Diagnostic)
The MIBG is an analogue of the adrenergic neuron blocking
labeled with I-131 as a valuable radiopharmaceutical widely
used in nuclear medicine for both diagnostic imaging and
targeted radiotherapy of neural crest derived tumors, such as
neuroblastoma and pheochromocytoma. The radiopharma-
ceutical production at large scaleswas developed in 2009using
a Cu (I)-mediated iodination in the country.29
Gallium-67 Citrate
Production. Gallium-67 (Ga-67) is a bioisoester of ferric iron
with physical half-life of 3.3 days (78 hours) and biologic half-
life of 2-3 weeks that binds to serum via transferrin,
haptoglobin, albumin, and globulins. Gallium attaches to
tissues mediated by lactoferrin, as well as lymphocytes and
macrophages. Apart from its application in tumor imaging, Ga-
67citrate remains a major tool for the detection of
inflammation and infections.30 67Ga is locally produced in a
medium-energy cyclotron, Cyclone 30, using 68Zn(p,2n)67Ga
followed by target dissolution and ion chromatography
purification and formulation using citrate salt and is shipped
to various nuclear medicine centers in the country for more
than 20 years.31

Local Clinical Evaluations. Sadeghi et al32 compared
sensitivity of planar and SPECT gallium scintigraphy for
evaluation of recurrent lymphoma. A total of 129 patients
with suspicious recurrent lymphoma of the thorax were
included into the study. All patients received 10 mCi67Ga
citrate intravenously. Overall, 24 and 48 hours postinjection,
whole-body and thoracic SPECT imaging were performed.
The final diagnosis of recurrencewas achieved by combination
of clinical and imaging findings or pathologic examination
whenever possible. The sensitivity of planar and SPECT
imaging for diagnosis of recurrent lymphoma was 63%
([52%-73%] with 95% CI) and 87% ([79%-94%] with 95%
CI), respectively. In their study, 20 patients with the final
diagnosis of lymphoma recurrence in the thoracic area had
negative planar despite positive SPECT imaging. This showed
an increase of 24% in sensitivity of the scan (from 63%-87%)
by adding SPECT imaging to the procedure. They
recommended integrating SPECT modality into all gallium
scintigraphy for lymphoma recurrence.

Thallium-201 Thallus Chloride
Production. Thallium-201 [201Tl]TlCl, an important
cyclotron-produced radiopharmaceutical, is used primarily
for imaging myocardial perfusion. Thallium exists in two
cationic forms of Tl(I) and Tl(III). [201Tl]Tl(I) functioning in
body tissues depends on similarity of its electric charge and
cationic radius with potassium cation and substitution of
[201Tl]Tl(I) with potassium cation in Naþ/Kþ-ATPase pump.
201Tl is produced in a medium-energy cyclotron, Cyclone 30,
using 203Tl(p,n)203Pb-201Tl followed by target dissolution
and two-step ion chromatography purification and
formulation and delivered to various nuclear medicine
centers in the country for more than 20 years.33,34

Local Clinical Evaluations. Mirfallah et al35 conducted a
study for preoperative assessment of meningioma
aggressiveness by Thallium-201 brain SPECT. A total of 30
lesions in 28 patients were evaluated in this study. Early
(20 minutes) and late (3 hours) brain SPECT after IV injection
of 3 mCi of 201Tl were performed and early uptake ratio (EUR)
¼ Average count of lesion/average count of contralateral brain
in early image, late uptake ratio (LUR) ¼ Average count of
lesion/average count of contralateral brain in late image and
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retention index ¼ LUR/EUR were calculated. Performing
receiver operating characteristic curve analysis and according
to coordinates of curves, in retention index40.75 andLUR4
4, the sensitivity and specificity of 201Tl Brain SPECTwere 80%
to differentiate malignant from benign meningioma. Fallahi
et al36 reported use of 201Tl SPECT imaging in three cases of
suspicious recurrent colorectal cancer. Based on pathologic
examination and patients’ follow-up, 201Tl scintigraphy truly
shows recurrence in two patients and truly reveals lack of
recurrence in one patient.

Indium-111 Oxine
Production. Indium-111 (In-111, half-life: 67 hours) is a
suitable SPECT radionuclide and is produced by a medium-
size cyclotron in Karaj, Iran, using the 112Cd(p,2n)111In
reaction followed by target dissolution and ion
chromatography purification and formulation.37,38 The
radionuclide as well as In-111 oxine is not produced on a
regular basis but according to the requests provided by the
nuclear medicine centers.

Local Clinical Evaluations. Gholamrezanezhad et al39

evaluated cytotoxicity of 111In-oxine on mesenchymal stem
cells (MSCs). They dividedMSCs into six samples. First sample
was control. The remaining five samples (samples: two to six)
were labeled with the following doses of 111In-oxine,
respectively: 0.76, 1.64, 3.48, 5.33, and 7.16 MBq/106

MSCs. To evaluate the effects of 111In-oxine labeling on
cellular viability and counts, all samples were examined
immediately after labeling (2 hours) as well as 24, 48 hours,
and 5, 7, and 14 days postlabeling. They found a negative
correlation between radiotracer dosage and viability
during the 2-week period of follow-up and concluded
that cytotoxic effects of 111In on human stem cells is a
time-dependent phenomenon, and hence assessment of
the stem cell viability immediately after labeling (which is
frequently made in clinical trials) is unable to detect long-
term adverse effects of this radiopharmaceutical on the
integrity of stem cells. Even low doses of 111In-oxine are
accompanied by significant cell loss in a 2-week period.
Although it has been confirmed that nuclear medicine
techniques are the most sensitive methods for stem cell
tracking, they recommend that the application of this
tracking technique should be treated with great reserve,
and if necessary, as little of 111In-oxine as possible should
be added to the cells (or only a limited portion of the cells
should be labeled) to minimize cell death.

In-111 DTPA
In-111 DTPA, also known as pentetate Indium disodium In-
111, is recommended for use in radionuclide cisternography
after intrathecal administration; the production procedure is
quite simple, however, and should be performed under very
sterile conditions.40

Rb-81/Kr-81m Generator
The Rb-81/Kr-81m generator is a valuable radionuclide gen-
erator for the diagnosis of lung diseases and has been prepared
since 1996 in the country using irradiation of natural
krypton gas in a medium-size cyclotron and is available
on a weekly basis.41 The mother radionuclide (rubidium-
81) is immobilized on a membrane, through which
the daughter radionuclide (krypton-81m) is eluted
with the passing of air. Krypton-81m is ideally suited
for lung ventilation studies. It has very short half-life
and results in a low radiation burden for the patient.
With gamma energy higher than that of 99mTc, it enables
lung ventilation studies to be performed immedi-
ately after a perfusion study of the pulmonary vascular
bed.
PET Radiopharmaceuticals
In mid-80s the production routes for the most widely used
PET tracer, FDG, was introduced and in less than a decade
many other fluorine-18 [18F] tracers as well as 13N-NH3,
15OH2O, and

11C-simple molecules made their way to clinical
trials in nuclear medicine. Fluorine-18 is a suitable positron
emitter for labeling of various receptor ligands (positron energy
¼ 0.64 MeV, tissue range ¼ 2.4 mm, half-life ¼ 109.7
minutes, steric similarity to hydrogen atom). The research
and development of PET radiopharmaceuticals initiated in
1996 in Iran based on some postgraduate projects is42followed
by experimental production and quality control of NaF, FDG,
and other research tracers. At present, FDG is the major PET
radiotracer in the country similar to many other parts of
the world.
F-18 NaF
Sodium fluoride (Na18F) is the simplest PET radiopharma-
ceutical product. The F-18 is routinely produced in three
cyclotrons in the country based on the bombardment of
enriched water (H2

18O) with accelerated protons.43
F-18 FDG
F-18 FDG is an analogue of glucose that contains the radio-
nuclide F-18. As a glucose analog, F-18 FDG is transported
into most of cells including brain cells, myocytes, as well as
many malignant cells over-expressing glucose transporter and
can enter metabolic glucose pathways, after phosphorylation
by hexokinase. The major production route in the country
similar to rest of the world is based on cassette-based modules
initially using catalyst-based nucleophilic substitution reaction.
The first experimental production of FDG in the country was
performed in 1998 for initial production and quality control
setups44 based on a PhD thesis, followed by intensive research
and development on optimizations in production and quality
control practice.45 The first local clinical evaluations using
FDG, however, were initiated in 2005 for central nervous
system studies onpatientswith chronic tinnitus.46However, in
2012, after installation of the PET/CT machines in the
country, high-scale production and application of the tracer
has begun.



Figure 5 Representative graph of I-131 consumption in Iran vs RCNM
in 2014. (Color version of figure is available online.)
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Therapeutic
Radiopharmaceuticals
I-131 Oral Solution
Production
Sodium Iodide I-131 therapeutic solutions is indicated for the
treatment of hyperthyroidism and differentiated thyroid can-
cers (DTC). I-131 is produced by the irradiation of Xe-124 in
the TRR. The production is straightforward and based on rapid
chemistry with the recovery of xenon gas yielding a high
specific activity. Figure 5 shows the amount of I-131 activity
consumption in the country as well as RCNM in 2014.
Local Clinical Evaluations
Fallahi et al47 compared low vs high radioiodine dose in
postoperative ablation of residual thyroid tissue in patients
with DTC. In total, 341 patients with thyroidectomy were
randomly allocated to the high-dose group, 3700 MBq (170
patients), vs the low-dose group, 1110 MBq (171 patients), for
radioiodine ablation therapy in a double-blind randomized
clinical trial. The response to treatment was defined as
successful or unsuccessful according to posttherapy ultra-
sonography of the neck, serum thyroglobulin (Tg), anti-Tg,
and functioning residual tissue after 6-month and 12-month
intervals. The major criteria of successful ablation were Tg o
2 ng/mL, anti-Tgo 100 IU/mL, and absent remnant in the off
levothyroxine state. Additional radioiodine doses were admin-
istered in cases showing no significant response to the first
therapy. Finally, the initial outcome, the total hospitalization
time, and the cumulative I-131 doses during the 12-month
course of the study were compared between the subgroups.
They found that rate of initial successful ablation was 51.6% in
all patients, 39.2% in the low-dose group, and 64.1% in the
high-dose group. The corresponding success rates at the end of
the 12-month follow-up without additional treatment were
55.1%, 41.5%, and 68.8%, respectively. The relative risk of
unsuccessful ablation for the low-dose vs the high-dose group
was 1.695 [95% CI: 1.34-2.14]. In the low-dose group, more
patients needed a second dose of I-131, resulting in a higher
cumulative activity (median: 4810 vs 3700 MBq, Po 0.0001)
and more inpatient time (median: 4 vs 3 days) in comparison
with the high-dose group. They concluded that the higher
dose of I-131 (3700 MBq) resulted in successful ablation more
often than the low dose (1110 MBq).
Fard-Esfahani et al48 evaluated nasolacrimal duct obstruction

as a complication ofiodine-131 therapy in 81 patients with
thyroid cancer. A total of 17 age-matched sex-matched individ-
uals were selected as control group. Nasolacrimal duct obstruc-
tion (NLDO) was observed in 18% of the exposed eyes and 9%
of the control eyes. NLDO was evident in 27.4% of the eyes of
the patients treated with11.1 GBq I-131 or more. They con-
cluded that NLDO may be considered as a side effect of I-131
therapy, especially with a cumulative dose of 11.1 GBq ormore.
Fallahi et al49 evaluated protective role of Vitamin E against

I-131 radiation damage to salivary glands in patients with
thyroid cancer. By comparing results of 99mTc-pertechnetate
salivary gland scintigraphy in control group and in the group
receiving 800 IU/day Vitamin E for a duration of 1week before
to 4 weeks after I-131 therapy, they concluded that Vitamin E
consumption may be associated with a significant protective
effect against radiation-induced dysfunction in salivary glands
following single-dose 131I therapy in patients with DTC.
Fard-Esfahani et al50 reviewed early and late adverse effects

of radioactive iodine-131 treatment for DTC.
Zakavi et al51 compared four different protocols (low and

high as well as fixed and calculated doses) of I-131 therapy for
treating single toxic thyroid nodule and concluded that
calculated high-dose protocol is preferable in old patients with
toxic adenoma, whereas calculated low-dose protocol is more
appropriate in young patients.
Esfahani et al52 evaluated gonadal functions in 159 females

and 87 males treated for differentiated thyroid cancer with I-
131. In male patients, the average serum level of follicle-
stimulating hormone 2-6 months after each course of treat-
ment was significantly higher than before treatment, revealing
significant correlation with the cumulative dose of 131I
received. Reduced sperm count was found in 35.8% of the
male patients. In 36.8% of these patients (13.2% of the total),
this finding was persistent during the follow-up period. In
females, they found no significant correlation between
gonadal-hypophyseal hormones and treatment with 131I, and
there were no signs and symptoms of sexual dysfunction.
Infertility or abortion was not noticed in any patients. They
concluded that although female gonads are resistant to radio-
iodine treatment for thyroid cancer, in males this treatment
may lead to impairment of the gonadal function, which is
transient most of the times. Spermatogenesis is especially
sensitive to the radiation effect of 131I treatment and this effect
is related to the cumulative radioiodine dose.
Fallahi et al53 evaluated incidence of second primary

malignancies (SPMs) during a long-term surveillance of 973
patientswithDTC in relation to radioiodine treatment during a
median of 6 years follow-up. A total of 11 patients from 7370
person-years at risk developed an SPM. The standardized rate
ratio of nonthyroid malignancy was 0.81 (95% CI: 0.57-1.04)
for the studied patients relative to the general population. After
adjusting for several variables, the cumulative dose of I-131
more than 40 GBq (1.08 Ci) was the sole factor associatedwith
increased odds of SPM. They concluded that although the
overall rate of SPMs was not significantly increased after a
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minimum interval of 3 years from the first 131I treatment, the
chance of SPMmay be radically increased in patients who had
received a cumulative activity of 131I exceeding 40 GBq.
Esfahani et al54 conducted a study for semiquantitative

assessment of salivary gland function in 36 patients with
differentiated thyroid cancer after 131I treatment. They use
salivary excretion fraction measured by 99mTc-pertechnetate
scintigraphy before 3 weeks and 3months after 131I treatment.
Salivary excretion fraction in these three periods were 54.9%,
47.2%, and 46 %, respectively, showing significant decline
after 131I treatment. They concluded that 131I treatment in
patients with DTC had an adverse effect on salivary gland
function, more prominent in the parotid glands and in a dose-
dependent manner in the submandibular glands.
Fard-Esfahani et al55 evaluated the effect of high-dose

radioiodine treatment on lacrimal gland function in patients
with differentiated thyroid carcinoma. Comparing dry eye
symptoms and Schirmer test values in 100 eyes of 50 patients
who had received high doses of I-131 and 100 eyes of 50 age-
matched and sex-matched control individuals without a
history of interfering conditions, revealed no significant
changes in frequency of dry eye symptoms; however, a
significantly lower Schirmer test value was noted in the
exposed group, 14.5 � 10.8 mm, when compared with that
in controls, 18.2 � 11.0 mm, implying reduction in the tear
secretion from lacrimal glands after high-dose 131I therapy.
Fard-Esfahani et al56 assessed radioiodine treatment com-

plications to the mother and child in patients with differ-
entiated thyroid carcinoma, and after following 653 women in
the reproductive period who have received at least 3700 MBq
131I found no evidence of increase in either spontaneous
abortions or risk of congenital anomalies. They recommended
that increasing the interval between the last dose of 131I
treatment and time to pregnancy might be beneficial for
decreasing the entire risk of abortions.
I-131 MIBG Therapeutic
Production
Using high specific activity I-131, the production and quality
control of MIBG was initiated in 2008. The production
reactionwas based on copper (I)-assisted radioiodine exchange
at high temperature. At optimized conditions the best radio-
chemical yield for therapeutic applications was obtained.

Local Clinical Evaluations
I-131 MIBG can be used to treat neuroblastoma, paragan-
glioma, ganglioneuroblastoma, and pheochromocytoma, can-
cerous tumors that arise from neural crest. At the moment the
agent is prepared and sent based on standing orders to the
centers. Hamidieh et al57 assessed the potential role of
pretransplantMIBGdiagnostic scintigraphy in targeted admin-
istration of 131I-MIBG accompanied by autologous stem cell
transplantation (ASCT) for high-risk and relapsed neuro-
blastoma. They divided age-matched patients with neuro-
blastoma in two subgroups (each group consisted of 10
patients) based on their pretreatment diagnostic MIBG scintig-
raphy results. MIBG-avid subgroup received 131I-MIBG
(12 mCi/kg), etoposide (1200 mg/m2), carboplatin
(1500 mg/m2), andmelphalan (210 mg/m2). Non–MIBG-avid
subgroup received etoposide (600 mg/m2), carboplatin
(1200 mg/m2), and melphalan (150 mg/m2). Patients received
13-cis retinoic acid after ASCT. Three-year follow-up lead to
the 3-year overall survival rates of 66� 21% and 53� 20% in
MIBG-avid and MIBG–non-avid subgroups, respectively. The
3-year event-free survival rates were 66� 21% and 47� 19%
in MIBG-avid and MIBG–non-avid subgroups, respectively.
They suggest that pre-ASCT diagnostic MIBG scintigraphy has
a role in treatment decision-making in neuroblastoma. MIBG-
avid subgroup may benefit from the combination of therapeu-
tic MIBG and high dose of chemotherapy.
Sm-153 EDTMP
Production
153Sm-ethylenediamine tetramethylene phosphonic acid
(153Sm-EDTMP) is a currently used agent for effective palliative
treatment of skeletal metastases. Samarium-153 has favorable
radiation characteristics, such as the medium-energy beta
particle emissions (Emax ¼ 810 keV) that is desirable for
treatment, the medium-energy gamma photon (103 keV) that
is suitable for imaging, and the short half-life (46.3 hours). The
total synthesis and quality control as well as preclinical studies
of this agent are carried out and reported in 2009.58

Local Clinical Evaluations
Ayati et al59 evaluated treatment efficacy of 153Sm-EDTMP in 28
patients with painful bone metastases from different cancers. A
total of 1 mCi/kg 153Sm-EDTMPwas injected intravenously and
whole-body imaging was performed 3-18 hours postinjection.
Pain relief began 2-16 days postinjection.Mean duration of pain
palliation was about 15 weeks. Complete and partial response
was observed in 64.3% and 21.4% of patients, respectively,
leading to an overall 85.7% response to therapy with no
significant hematological complications. Authors concluded
that 153Sm-EDTMP is a safe and effective agent for bone pal-
liation treatment. Beiki et al60 also assessed effectiveness and
complications of 153Sm-EDTMP in palliative therapy of 16
patients with diffuse skeletal metastases from different cancers.
Significant response to therapy was observed in 68.7% of
patients by the second week and in 75% of the patients by the
eighth week after IV injection of 1.5 mCi/kg 153Sm-EDTMP,
without significant difference between cancer types, age, or sex.
Hematologic toxicity was mild to moderate with no life-
threatening complications. The agent is now available in the
country per request.
Lu-177 EDTMP
Production
Owing to the suitable decay characteristics (t1/2 ¼ 6.73 days,
Eβ max ¼ 497 keV, Eγ ¼ 112 keV [6.4%], 208 keV [11%]) as
well as the feasibility of large-scale production in adequate
specific activity and radionuclide purity by using a moderate
flux reactor, 177Lu deemed a promising radionuclide in the
development of 177Lu-EDTMP complex. Total synthesis and
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production of 177Lu-EDTMP were performed in the country
and preclinical studies were reported in 2012.61

Local Clinical Evaluation
Alavi et al62 evaluated the role of 177Lu-EDTMP in 30 eligible
patients with different cancer types for metastatic bone pain
palliation therapy.62 After IV injection of 29.6 MBq/kg 177Lu-
EDTMP, whole-body scans were performed 24 hours, 72
hours, and also 7 days postinjection. Pain relief began 2.53�
2.08 weeks after the injection and the response lasted for 4.38
� 3.34 weeks. Among the 30 patients treated with 177Lu-
EDTMP, 53% showed complete palliative pain response, 30%
revealed partial response, and 17% showed no response to
treatment. Total response to treatment was achieved in 83% of
patients. The agent is now available in the country per request.
Y-90 Citrate Colloid and Y-90 Hydroxyapatite
Colloid
The RSV has been applied as an effective treatment to the
patients with resistant synovitis for more than 50 years. Owing
to favorable decay characteristic of 90Y (Eβmax¼ 2.25 MeV, T1/
2 ¼ 2.7 days), this therapeutic radioisotope is of enormous
interest and 90Y radiopharmaceuticals are widely used for the
treatment of cancer as well as RSV. Y-90 colloid formulation
localizes in the synovial membrane with least extraradiation
burden to other tissues. Recently after many production and
quality control attempts, Y-90 compounds are introduced for
therapeutic applications.63 Y-90 colloid is now available
commercially in the country.64
P-32 Sodium Phosphate
Phosphourous-32 has been produced in TRR using 32S(n,
p)32P process since long time ago. In a typical batch, 250 g of
elemental sulfur when irradiated at a fast neutron flux of �8�
1011 n cm�2 s�1 for 60 days, after chemical processing,
provided approximately 150 GBq(4.05 Ci) of 32P having
specific activity of 200 TBq(5500 Ci)/mmole. P-32 sodium
phosphate is indicated for the treatment of hematological
diseases. It may also be used in palliative treatment of selected
patients with skeletal metastases.
P-32 Colloidal Chromic Phosphate
Production
32P chromic phosphate is supplied as a sterile, nonpyrogenic
aqueous solution. It contains 30% dextrose solution, 1 mg
sodium acetate, and 2%benzyl alcohol added as a preservative.
Sodium hydroxide or hydrochloric acid may be added for pH
adjustment.

Local Clinical Evaluations
32P chromic phosphate colloid is indicated for intracavitary
instillation for the treatment of peritoneal or pleural effusions
caused by metastatic disease, and may be injected interstitially
for the treatment of cancer. It is also used in patients with
hemophilia for intra-articular injections. Mortazavi et al65 used
32P chromic phosphate RSV in treatment of chronic hemo-
philicsynovitis. A total of 46 patients with hereditary bleeding
disorders and chronic synovitis associated with recurrent
hemarthrosis were followed for an average of 31 months. In
latest follow-up, 77% of patients reported at least a 50%
decrease in bleeding frequency after treatment. The need for
antihemophilic factor consumption also dropped to approx-
imately 74%after RSV. The range ofmotion remained stable or
improved in most of the cases.
Shahzadi et al66 used 32P chromic phosphate for intracavity

irradiation of cystic craniopharyngiomas in 22 patients. Overall
(complete and partial) response rate was 73%. Follow-up of
patients revealed mean � SD survival after intracavitary
irradiation to be 25.4 � 6.8 (95% CI: 12.0-38.7) months.
They suggest that intracavitary irradiation with 32P chromic
phosphate is highly effective in the treatment of cystic
craniopharyngiomas.

Re-188 Sulfur Colloid
Rhenium-188 can be produced with relatively high specific
activity by direct production in a nuclear reactor by irradiation
of enriched rhenium-187; however, it could be available in
W-188/Re-188 generator form for easy clinical use. The avail-
ability of Re-188 on demand from this high-performance
generator provides great versatility for development of a range
of Re-188-labeled therapeutic agents, and the generators have a
long useful shelf-life of46months. This radionuclide is vastly
used in therapeutic studies such as RSV and bone pain pallia-
tion therapy. Rhenium-188 sulfur colloid has been produced
by reduction of sodium thiosulfate in the presence of
perrhenate67 andwas introduced commercially in the country.

Re-186 HEDP
186Re is a beta and gamma emitter that is used in metabolic
radiotherapy and radio immunotherapy. The properties of this
radionuclide (t1/2 ¼ 90.64 hours, EMaxβ ¼ 1.1 MeV, Eγ ¼
13 keV) after labeling with hydroxyethylidene diphosphonate
(HEDP) make it a useful radioisotope for the bone pain
palliation therapy. The radionuclide is prepared in TRR by
neutron activation. The Re-186 HEDP is now available
commercially in the country.68

Re-188 HEDP
188Re-HEDP is nonexpensive bone palliative radiopharma-
ceutical with favorable physical characteristics such as short
half-life of 16.9 hours andmaximal β energy of 2.1 MeVwith a
15% γ-component of 155 keV. Re-188 is easily available from
an in-house 188W/188Re generator. The radiopharmaceutical is
now available commercially in the country.69
Agents at Research and
Development Level
Apart from the existing radiopharmaceuticals in the country,
active research for developing new tracers has been conducted



Table 1 Some Examples of 99mTc-Based Traces Under Development

No. Tracer Type Molecule Study References

1 99mTc-IgG-HYNIC Antibody Inflamed rats 72
2 99mTc-HYNIC-GABA-Nle-CycMSHhept Peptide Melanoma-bearing animals 73
3 99mTc-Nitophenol Complexes Small molecule Normal rats 74
4 99mTc-HYNIC-colchicine Small molecule Breast tumors 75
5 99mTc-HYNIC-neurotensin Peptide HT-29 tumor-bearing tumor 76
6 99mTc-(CO)3�ofloxacin Small molecule S. aureus infected rats 77
7 99mTc-(CO)3� arylpiperazine triazoles Small molecule Normal rats 78
8 99mTc-PR81 F(ab’)2 Antibody fragments breast tumor xenograft 79
9 99mTc-substance P Peptide Nude mice 80
10 99mTc-α-MSH Peptide Nude mice 81
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in the country in the last twodecades.Many of these studies are
based on global new trends and ongoing research in the field of
the radiopharmacy leading to quite a number of preclinical
studies that are already reported and published.
SPECT Tracers
Technetium-99m Tracers
Various researches for production as well as development of
new tracers have been conducted in the country during last
two decades. Some of these activities were focused on the
production of Tc-99m by accelerators,70,71 but many works
were focused on the development of 99mTc-radiotracers. Some
of these compounds are candidate for clinical evaluation in
near future. In Table 1, examples of these 99mTc-based traces
are demonstrated.
Indium-111
During recent years, the main focus has been the development
of PET and Tc-99m tracers; however, various In-111-based
compounds for possible future use has been produced in our
laboratory. A list of these 111In-radiotracers is shown in
Table 2.
Table 2 List of Some 111In-Based Products

No. Tracer Structure Status

1 [111In]-DTPA-HIgG Antibody Completed a
2 [111In]-BPAMD Small molecule Completed a
3 [111In]-DOTMP Small molecule Completed a
4 [111In]-Plerixafor Small molecule In preclinical
5 [111In]-DTPA-bis-alendronate Small molecule In preclinical
6 [111In]-DTPA-amlodipine Small molecule Completed a
7 [111In]-DOTA-trastuzumab Antibody Completed a
8 [111In]-substituted Porphyrins Small molecule In preclinical
9 [111In]-DOTA-bevacizumab Antibody Completed a
10 [111In]-DOTA-rituximab Antibody Completed a
11 [111In]-labeled insulin Polypeptide Completed a
12 [111In]-DTPA-buserelin Peptide Completed a
13 [111In]-DTPA-rituximab Antibody Completed a
14 [111In]-rHuEpo Polypeptide Completed a
15 [111In]-maltolate complex Small molecule In preclinical
16 [111In]-new oxinates Small molecule In preclinical
17 [111In]-bleomycin Glycopeptide Completed a
Galllium-67 Tracers
The long half-life and dosimetric issues for developing new
tracers based on Ga-67 has been of interest in the radio-
pharmaceutical research. As a Ga-68 surrogate, lots of research
work has been focused on Ga-67 compounds especially for
optimization of peptide radiochemistry.99 A list of various
67Ga-tracers is presented in Table 3.

Cobalt-57
Co-57 is an interesting radionuclide formerly used in schilling
test, but there has been limited interest for routine use of this
radioisotope despite the initiation of a program by Interna-
tional Atomic Energy Agency.124 However, the radionuclide
was successfully prepared, and some interesting tracers were
developed based on the radionuclide by our group.125

191Os/191mIr Generator
Iridium-191m (191mIr, t1/2 ¼ 4.96 seconds), an ultra-short-
lived tracer showed to be suitable for gamma imaging available
as 191Os/191mIr generator with a low Os-191 breakthrough
used in the blood flow studies in the carotid and kidney arteries.
The production and quality control of the generator have been
reported by research groups. In feasibility study, the production
Imaging Application References

nimal model studies Inflammation 82
nimal model studies Bone 83
nimal model studies Bone 84
process CXCR4 85
process Bone 86
nimal model studies Calcium Channels 87
nimal model studies Her2 positive tumors 88
process Malignancies 89,90
nimal model studies Vascular growth antigen 91
nimal model studies B-Lymphomas 92
nimal model studies Insulinomas 93
nimal model studies Gonatotrpoin receptors 94
nimal model studies B-Lymphomas 95
nimal model studies Malignancies 38
process Cell labeling 96
process Cell labeling 97
nimal model studies Malignancies 98



Table 3 The Status of 67Ga-Labeled Compounds Under Research With Completed Preclinical Studies in the Country

No. Tracer Structure Target/Application References

1 67Ga-DTPA-glucagon Polypeptide Glucagonoma 100
2 67Ga-thiosemicarbazones Small molecule Malignancies 101-103
3 67Ga-AMD3100 Small molecule CXCR4 104
4 67Ga-DOTA-trastuzumab Antibody Her2 positive tumors 105
5 67Ga-porphyrins Small molecule Various tumors 106-108
6 67Ga-maltolate Small molecule Various tumors 109
7 67Ga-DTPA-gonadorelin Peptide Malignancies 110
8 67Ga-DTPA-streptokinase Polypeptide Microcoagulation 111
9 67Ga-oxytocin Polypeptide Receptor studies 112
10 67Ga-SPION Nanoparticles Nanostructure backbone 113
11 67Ga-DTPA-gondorelin Peptide Receptor studies 114
12 67Ga-DTPA-b1-24-corticotrophin Peptide Receptor studies 115
13 67Ga-insulin Polypeptide Insulinomas 116
14 67Ga-DOTA-anti-CD20 Antibody B-Lymphomas 117,118
15 67Ga-bleomycin Glycopeptide Malignancies 119
16 67Ga-DTPA-amlodipine Small molecule Calcium channels 120
17 67Ga-SPION-folate Nanoparticles Folate receptor malignancies 121
18 67Ga-ECC Small molecule Renal studies 122
19 67Ga-DOTA-bombesin Peptide Malignancies 123
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of the Os-191 in TRR as well as appropriate quality control and
preclinical studieswere conducted.126 Some tracer development
based on in vivo 191Os/191mIr generator for tumor imaging
has also been performed in our laboratory.127,128

Selenium-75
Selenium-75, a gamma-emitting isotope of selenium, is
formerly used in labeling various compounds for SPECT
imaging, including [75Se]selenomethionine; however, the
decay characteristics of selenium-75 are not ideal because of
the high radiation dose delivered to the patient. It is now been
mostly used in the production of standard sources for gamma
camera calibration. The production and quality control of the
radionuclide has been performed in 2004 in the country and is
now been used in preparing seed sources.129

PET Tracers at the Research Level
Ga-68 Generators and Tracers
Considering the intriguing physical properties and availability of
gallium-68 (t1/2 ¼ 67.71 minutes), this isotope has become an
interesting nuclide for developing new PET tracers. Owing to
the availability and commercialization of a new 50 mCi68-
Ge/68Ga generator in the country based on a SnO2 solid phase,
Table 4 The Status of 68Ga-Labeled Compounds Under Research Wi

No Tracer Structure

1 68Ga-DOTATOC Peptide
2 68Ga-DOTATATE Peptide
3 68Ga-EDTMP Small molecule
4 68Ga-EC Small molecule
5 68Ga-MAA Particles
6 68Ga-ECC Small molecule
7 68Ga-citrate Small molecule
8 68Ga-porphyrin Small molecule
9 68Ga-triptorelin Peptide
the development of various tracers has become possible.130 Ge-
68 as the mother radionuclide is produced using 22 MeV
proton irradiationofmetallicmelted galliumpowder inniobium
capsules in a 30 MeVcyclotron, located inKaraj, Iran. Preclinical
studies of many radiotracers based on this generator have been
completed, and the generator and technology of production as
well as quality control of products are ready for delivery to
nuclear medicine centers. Table 4 demonstrates the status of
someof recently developed tracers basedon this generator in the
country.
Copper-64 tracers
Copper-64 has several unique attributes that make it a multi-
purpose radionuclide with many potential applications. It has a
complex decay scheme, with electron capture, beta-emission,
and positron emission branches, and it may be described as the
archetypal “theranostic” radionuclide, producing excellent PET
molecular imaging at low administered doses without major
dosimetry or radiobiological concerns, and having potential for
radionuclide therapy at high doses with radionuclide distribu-
tion and accurate dosimetry possible using PET imaging during
therapy.139 The most important production routes are via 64Ni
(p,n) and 68Zn(p,αn) routes in small or medium-size cyclotrons
th Completed Preclinical Studies in the Country

Target References

Somatostatin receptor 131
Somatostatin receptor 132
Bone 133
Kidney 134
Lung 135
Kidney 54
Infection 136
Malignancies 137
Malignancies 138



Table 5 The Status of 64Cu-Labeled Compounds Under Research With Completed Preclinical Studies in the Country

No. Tracer Molecule Type Target/Application References

1 [64Cu]-ATSM Small molecule Hypoxia imaging 140,141
2 [64Cu]-PTSM Small molecule Perfusion/cell labeling 142
3 [64Cu]-DOTA-PR81 Antibody MUC-1 positive tumors 143
4 [64Cu]-DOTA-trastuzumab Antibody Her2 positive tumors 144
5 [64Cu]-DOTA-anti-CD20 Antibody B-lymphoma 145
6 [64Cu]-porphyrin Small molecule Tumor imaging 146
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or both.Owing to suitable half-life (12.7hours), it canbeused in
the development of small size to large-size targeting molecules
such as thiosemicarbazones, peptides, and also full size mono-
clonal antibodies. Table 5 demonstrates the status of some of
recently developed tracers based on the copper-64 radionuclide
in the country with completed preclinical data.
Other PET Tracers and Radionuclides at the Preclinical
Level
Copper 61 was produced using a nonexpensive method in the
country for the first time and reported in the literature leading
to an interesting surrogate for optimization studies for copper
radiopharmaceuticals,147 also production of Ga-66 for the first
time at the medium-size cyclotron using readily available,
nonexpensive Zn-66.148 Table 6 shows a list of other PET
tracer studied by our groupwith completed preclinical studies.
In Tables 6 and 7, the status of other PET radionuclides
products with completed preclinical studies as well as for
possible future applications is shown.
Table 6 The Status of Other PET Tracers With Completed Preclinical

No. Tracer Molecu

1 13N-NH3 Small mo
2 62Zn-bleomycin Generato
3 18F-FTHA Solution
4 18F-SFB Precurso
5 18F-nifedipine Solution
6 18F-benzodiazepine Small mo
7 18F-CFMB Small mo
8 18F-CFB Small mo
9 18F-chelidonine Small mo

10 61Cu-ATSM Radionuc
11 61Cu-PTSM Small mo
12 61Cu-oxinate Small mo
13 61Cu-doxorubicin Molecule
14 61Cu-thiosemicarbazones Molecule
15 [62Zn/62Cu]-DOTA-rituximab Antibody
16 61Cu-bleomycin Glycopep
17 61Cu-DTPA Molecule
18 55Co-(II)vancomycin Molecule
19 55Co-2-acetylpyridine Thiosemicarbazone Molecule
20 55Co-(II)DTPA Molecule
21 66Ga-oxine Molecule
22 66Ga-bleomycin Glycopep
23 66Ga-gallium chitosan Polymer
Therapeutic Agents at the Research Level

There are various therapeutic radiopharmaceuticals already
available in clinical use in our country. However, the research
and development is ongoing for developments of new radio-
pharmaceuticals. Owing to toxicity, radiation risks, and ethical
considerations for therapeutic applications of radiopharma-
ceuticals, many restrictions and detailed issues, however, need
to be taken into consideration. Table 8 shows list of some
newly introduced therapeutic radiopharmaceuticals reached to
preclinical levels.
Other Radionuclides
Many other radioisotopes have been prepared and formulated
for the basic research in biology as well as environmental
studies in the past two decades which have been well
documented in the literature; however, the application and
demand for these radionuclides is limited to local studies and
small research projects. Table 9 demonstrates a list of these
products.
Studies in the Country

le Type Target/Application References

lecule Perfusion studies 149
r – 150

β-oxidation imaging 151
r Bifunctional ligand 152

Calcium channel imaging 153,154
lecule Peripheral receptor studies 155,156
lecule Adrenal imaging 157
lecule Adrenal imaging 158
lecule Mitosis imaging 159
lide Hypoxia imaging 160,161
lecule Perfusion studies 162,163
lecule Cell labeling 164

Malignancy imaging 165
Malignancy imaging 166-169
B-lymphoma 170

tide Malignancy imaging 171
Cell labeling 172
Infection imaging 173
Malignancy imaging 174
Cell labeling 175
Cell labeling 176

tide Malignancy imaging 177
– 178



Table 7 The Status of Other PET Radionuclides Produced for Further Studies in the Country

No. Radionuclides Type Target/Application References

1 62Zn/62Cu Generator Precursor 179
2 82mRb-RbCl Sterile solution Cardiac imaging 180
3 Se-73 Sterile solution Precursor 181
4 Y-86 Sterile solution Precursor 182
5 Zr-89 Sterile solution Precursor 183
6 I-124 Sterile solution Precursor, thyroid imaging 184

Table 8 The Status of Other Therapeutic Agents With Completed Preclinical Studies in the Country

No Agent Molecule Type Therapeutic Applications References

1 166Ho-chitosan Polymer Hepatocellular carcinoma 185
2 90Y-EDTMP Small molecule Bone pain palliation 186
3 90Y-Glass Beads Hepatocellular carcinoma 187
4 103Pd Seeds Brachytherapy 188
5 131I-PR81 Antibody MUC-1 positive tumors 189
6 177Lu-PR81 Antibody MUC-1 positive tumors 190
7 177Lu-cetuximab Antibody Her2 positive tumors 191
8 166Ho-DTPA-SPION Nanoparticles Malignant cells 192
9 Radiolanthanide BPAMD Bisphosphonates Bone pain palliation 193,194

10 Radiolanthanide porphyrins Small molecule Malignant cells 195-198
11 90Y-chitosan Polymer Radiosynovectomy 63,199
12 Radiolanthanide TTHMPs Tetraphosphonates Bone pain palliation 200,201
13 175Yb-bis-phosphonates Bisphosphonates Bone pain palliation 202
14 153Sm-folate-PEI conjugated chitosan

nanoparticles
Nanoparticles Malignant cells 203

15 125I-IrSeed Seeds Brachytherapy 204,205
16 Radiolanthanide maltolates Small molecule Bone pain palliation 206,207
17 166Ho-pamidronate bisphosphonates Bone pain palliation 208
18 Radiolanthanide-phytate Colloid Radiosynovectomy 209,210
19 Radiolanthanide-PDTMP – Bone pain palliation 211,212
20 177Lu-zoledronate Bisphosphonates Bone pain palliation 213
21 holmium-166 Bevacizumab Antibody Growth factor antigen positive tumors 214,215
22 170Tm-EDTMP Bisphosphonates Bone pain palliation 216
23 46Sc-DOTA-antiCD20 Antibody B-lymphomas 217
24 90Y-DOTA-cetuximab Antibody Her2 positive tumors 218,219
25 90Y-antiCD20 Antibody B-lymphomas 220
26 170Tm-DOTA-cetuximab Antibody Her2 positive tumors 221
27 Radiolanthanide trisphenanthrolines Small molecule Malignant cells 222,223
28 165Dy-chitosan Polymer Radiosynovectomy 224
29 166Ho-EDTMP Bisphosphonates Bone pain palliation 225
30 Radiolanthanide bleomycins Glycopeptide Malignant cells 226,227
31 Radiolanthanide-antiCD20 Antibody B-lymphomas 228-230
32 103Pd-bis-thissemicarbazones Small molecule Malignant cells 231,232
33 32P-Radiocolloid albumin Colloid Intracavital therapy 233

Table 9 Other Radionuclides in Limited Use

No. Radionuclides Possible
Application

References

1 108Cd Standard sources 234
2 122Sb Environmental tracer 235
3 142Pr Brachytherapy 236
4 137mCe Tracer 237
5 172Lu Tracer 238
6 169Yb Brachytherapy 239
7 88Y Tracer 240
8 48V Tracer 241
9 65Zn Tracer 242,243
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Future Trends and Conclusion
In view of initiation of PET/CT projects in past 3 years in our
country and governmental policy for installation of new
machines especially in major cities and university hospitals, it
is expected that Iran would be one of the rapidly increasing
markets in the area of PET radiopharmaceuticals and practice.
Meanwhile, the presence of more than 158 active nuclear
medicine centers and rich human resources at the level of
nuclear medicine physicians, radiopharmacists, physicist,
technologist, and other related specialties in the country would
provide a sustainable infrastructure and capacity for advance-
ment in basic and clinical nuclear medicine sciences and
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services. Availability of F-18 tracers and recently locally
produced Ga-68 generators would no doubt allow rapid
dissemination of PET/CT practices in various parts of our large
country even far from a cyclotron facility. Also, local produc-
tion and availability of therapeutic radiopharmaceuticals is
going to open exciting horizons in thefield of nuclearmedicine
therapy. Given the available local infrastructure of SPECT
imaging and rapidly growing population, the production of
Tc-99m generators and cold kit would continue to flourish
in Iran.

References
1. Yaraghchi AA, Najafi R: Synthesis, formulation and quality control of

Mebrofenin (BRIDA) as a 99mTc-KIT for cholescintigraphy. Iran J Nucl
Med 1995;3(2):21-33. [Persian]

2. Eftekhari M, Safarzadehnia H: Measurement of glomerular filtration rate
with Tc-99m DTPA. Iran J Nucl Med 1993;1(1):30-33. [Persian]

3. Alavi M, Rasekhi A: Comparative assessment of renal Tc-99m DMSA
scan and renal sonography findings in complication of urinary tract
infections. Iran J Nucl Med 2002;10(2):7-11. [Persian]

4. Eftekhari M, Mehrazin A, Vali R, et al: Evaluation of ocular hydrox-
yapatite implant with Tc-99mMDP bone scan. Iran J Nucl Med 1998;6
(1):1-55. [Persian]

5. Eftekhari M, Shahi Z: Role of Tc-99m MIBI scintigraphy in diagnosis of
malignant breast tumors. Iran J Nucl Med 1997;5(1):1-7. [Persian]

6. Dabbagh Kakhki VR, Jangjoo A, Tavassoli A, et al: Sentinel node
mapping for early breast cancer patients using 99mTc-phytate: Single
center experience on 165 patients. Iran J Nucl Med 2012;20(2):25-29

7. Saghari M, Amoui M, Najafi R, et al: Imaging of medullary thyroid
carcinoma with Tc-99m (V) DMSA. Iran J Nucl Med 1995;3(2):4-12.
[Persian]

8. Eftekhari M, Vakili A, Alavi M, et al: Comparison of Tc-99m Ethyl-
enedicysteine (Tc-99m EC) with Tc-99m DPTA in evaluation of renal
disease. Iran J Nucl Med 1996;4(1):6-10. [Persian]

9. Yousefipour G, Alavi M: Evaluation of role of brain SPECT in diagnosis
of post stroke dementia. Iran J Nucl Med 2003;11(2):35-40. [Persian]

10. Eftekhari M, Shahi Z: Tc-99m-RBC scan in diagnosis of hepatic
hemangioma. Iran J Nucl Med 1994;2(1):50-59. [Persian]

11. Yaraghchi AA, Najafi R: Preparation of human serum albumin micro-
spheres (MSA) kit for lung imaging in Iran. Iran J NuclMed 1994;2
(1):29-40. [Persian]

12. www-pub.iaea.org/mtcd/publications/pdf/trs466_web.pdf
13. HadizadT, Shabani G, Najafi R: Preparation and labeling of HMPAO kit

in Iran. Iran J Nucl Med 2000;8(1):27-42. [Persian]
14. Shabani G, Hamzeh H, Najafi R: Production of 99mTc-antimony sulfide

colloid for lymphoscintigraphy. Iran J Nucl Med 2003;11(1):57-65.
[Persian]

15. Gandomkar M, Najafi R, Shafiei M, et al: Clinical evaluation of
antimicrobial peptide [99mTc/Tricine/HYNIC0]ubiquicidin 29-41 as a
human-specific infection imaging agent. Nucl Med Biol 2009;36
(2):199-205

16. Beiki D, Yousefi G, Fallahi B, et al: 99mTc-ubiquicidin [29-41]: A
promising radiopharmaceutical to differentiate orthopedic implant
infections from sterile inflammation. Iran J Pharm Res 2013;12
(2):347-353

17. Doroudi A, Samaee H, Saadati SM, et al: Clinical evaluation of 99mTc-
MDP three phase bone scan and 99mTc-UBI [29-41] scintigraphy
imaging in preferentially detection infection from sterile inflammation
among diabetic patients with suspected foot infection. IOSR J Pharm
2015;5(2):20-26

18. Fard-Esfahani A, Beiki D, Fallahi B, Mohajeri-Tehrani MR, Gharaie MR,
Rouhipour N, Dehghanian M, Saghari M, Emami-Ardekani A, Eftekhari
M: Evaluation of 99mTc-Ubiquicidin 29-41 scintigraphy in differentiation
of bacterial infection from sterile inflammation in diabetic foot. Iran J
Nucl Med 2010;18(2):20-28
19. Assadi M, Vahdat K, Nabipour I, et al: Diagnostic value of 99mTc-
ubiquicidin scintigraphy for osteomyelitis and comparisons with 99mTc-
methylenediphosphonatescintigraphy andmagnetic resonance imaging.
Nucl Med Commun 2011;32:716-723

20. Sadeghzadeh N, Ahmadzadeh M, Erfani M: Evaluation of a new
radiolabeled bombesin derivative with 99mTc as potential targeted tumor
imaging agent. J Radioanal Nucl Chem 2013;298(1):287-293

21. Beiki D, Karami F, Fallahi B, et al: Evaluation of a new 99mTc-bombesin
analog in differentiation of malignant from benign breast tumors. Iran J
Nucl Med 2015;23(2):103-107

22. Shariati F, AryanaK, Fattahi A, et al: Diagnostic value of 99mTc-bombesin
scintigraphy for differentiation of malignant from benign breast lesions.
Nucl Med Commun 2014;35(6):620-625

23. Erfani M, Shafiei M, Mazidi M, et al: Preparation and biological
evaluation of [99mTc/EDDA/Tricine/HYNIC0, BzThi3]-octreotide for
somatostatin receptor-positive tumor imaging. Cancer Biother Radio-
pharm 2013;28(3):240-247

24. FardEsfahani A, Chavoshi M, Noorani MH, et al: Successful application
of technetium-99m-labeled octreotide acetate scintigraphy in the detec-
tion of ectopic adrenocorticotropin-producing bronchial carcinoid lung
tumor: A case report. J Med Case Rep 2010;4:323

25. Pirayesh E, Amoui M, Assadi M: 99mTc-Octreotide uptake in the uterus
and a subserosalmyoma mimicking tumoral masses. J Nucl Med
Technol 2014;42(1):77-78

26. ErfaniM, ShafieiM: Preparation of 99mTc-TRODAT-1with high labeling
yield in boiling water bath: A new formulation. Nucl Med Biol 2014
Apr;41(4):317-321

27. Erfani M, Shafiei M, Charkhlooie G, et al: Development of a freeze-dried
radiopharmaceutical kit for dopamine transporters imaging. Iran J Nucl
Med 2015;23(1):15-20

28. Fallahi B, Esmaeili A, Beiki D, et al: Evaluation of 99mTc-TRODAT-1
SPECT in the diagnosis of Parkinson’s disease versus other progressive
movement disorders. Ann Nucl Med 2016;30(2):153-162

29. DavarpanahMR, Attar Nosrati S, Khoshhosn HA, et al: Establishment of
a fast and high yield method for routine production of [131I]MIBG and
investigation of its radiochemical stability for diagnosis and treatment
uses. J Label Compound Radiopharm 2013;56(13):686-688

30. Jalilian AR, Novinrooz A, Motamedi-Sedeh F, et al: Evaluation of [67Ga]
citrate in the detection of various microorganism infections in animal
models. Iran J Nucl Med 2009;17(2):34-41

31. Fateh B, Sattari A, Shafiei M, et al: The radioisotope 67Ga (T1/2¼ 78 h)
in extensively used as single photon marker for detecting the presence.
Iran J Nucl Med 1995;3(2):41-49. [Persian]

32. Sadeghi R, Nabiev H, Dabbagh Kakhki VR, et al: Sensitivity of gallium
scintigraphy for evaluation of recurrent lymphoma: Comparison of
planar and SPECT imaging. Iran J Nucl Med 2010;18(1):45-51

33. Akhlaghi M, Kamalidehghan M, Jalilian AR, et al: Determination of
[201Tl]Tl(III) in [201Tl]TlCl solutions using HPLC. Appl Radiat Isot
2008;66(4):479-481

34. Jalilian AR, Yari-Kamrani Y, Kamali-Dehghan M, et al: Preparation and
evaluation of [201Tl](III)-DTPA complex for cell labeling. J Radioanal
Nucl Chem 2008;275(1):109-114

35. Mirfallah R, Mehrazin M, Rastgou F, et al: Preoperative assessment of
meningioma aggressiveness by Thallium-201 brain SPECT. Iran J Nucl
Med 2015;23(2):8288

36. Fallahi B, Beiki D, Assadi M, et al: Thallium-201 single photon
emission tomography after injecting an antimuscarinic agent
compared with computed tomography for the diagnosis of recur-
rent colorectal cancer: Report of three cases. Hell J Nucl Med 2006;
9(2):106-108

37. Hadizad T, Najafi A: Radiolabelling of white blood cells with In-111 and
Tc-99m. Iran J Nucl Med 1993;1(1):34-35. [Persian]

38. Sadeghpour H, Jalilian AR, Akhlaghi M, et al: Preparation and
biodistribution of [111In]-rHuEpo for erythropoietin receptor imaging.
J Radioanal Nucl Chem 2008;278(1):117-122

39. Gholamrezanezhad A, Mirpour S, MajdArdekani J, et al: Cytotoxicity of
111In-oxine on mesenchymal stem cells: A time-dependent adverse
effect. Nucl Med Commun. 2009;30:210-216

http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref1
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref1
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref1
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref1
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref2
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref2
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref3
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref3
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref3
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref4
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref4
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref4
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref5
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref5
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref6
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref6
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref6
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref7
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref7
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref7
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref8
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref8
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref8
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref9
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref9
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref10
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref10
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref11
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref11
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref11
www-pub.iaea.org/mtcd/publications/pdf/trs466_web.pdf
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref12
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref12
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref13
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref13
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref13
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref13
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref14
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref14
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref14
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref14
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref14
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref14
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref15
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref15
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref15
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref15
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref15
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref16
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref16
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref16
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref16
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref16
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref16
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref16
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref17
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref17
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref17
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref17
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref17
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref17
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref18
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref18
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref18
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref18
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref18
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref18
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref19
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref19
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref19
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref19
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref20
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref20
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref20
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref20
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref21
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref21
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref21
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref21
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref22
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref22
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref22
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref22
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref22
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref22
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref22
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref23
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref23
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref23
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref23
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref24
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref24
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref24
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref24
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref25
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref25
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref25
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref25
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref26
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref26
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref26
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref27
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref27
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref27
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref27
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref28
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref28
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref28
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref28
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref29
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref29
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref29
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref30
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref30
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref30
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref30
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref30
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref30
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref31
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref31
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref31
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref32
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref32
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref32
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref33
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref33
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref33
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref34
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref34
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref34
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref35
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref35
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref35
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref35
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref35
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref36
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref36
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref37
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref37
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref37
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref38
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref38
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref38


A.R. Jalilian et al.354
40. Shahhosseini S, Farshidfar G, Najafi R: Preparation of Indium Pentetate
complex (111In-DTPA). Iran J Nucl Med 2000;8(1):43-47. [Persian]

41. Aboudzadeh Rovais MR, Mirzaii M, Kiyomarsi M, et al: Design and
manufacture of krypton gas target for 81Rb production at a 30 MeV
cyclotron. Nukleonika 2010;55(2):225-231

42. Jalilian AR: Production and quality control of F-18 radiopharmaceuticals
for oncologic applications, thesis for PhD in Radiopharmacy, Faculty of
Pharmacy, Tehran University of Medical Sciences, pp. 187, November
2000.

43. Akhlaghi M, Mirzaii M, Jalilian AR, et al: Production and quality control
of sodium fluoride (Na18F) and it’s distribution in rat’s lesions as PET
radiopharmaceutical for bone scan. Iran J Nucl Sci Technol
2006;36:24-33

44. Jalilian AR, Afarideh H, Akbari BA, et al: Production and quality control
of [18F]-FDG in Iran. Iran J Nucl Med 1999;7(1):14-22

45. Akhlaghi M, Jalilian AR: Determination of Kryptofix 2.2.2 concentration
in [18F] FDG radiopharmaceutical. J Nucl Sci Technol 2008;45:39-43

46. Farhadi M, Mahmoudian S, Saddadi F, et al: Functional brain
abnormalities localized in 55 chronic tinnitus patients: Fusion of SPECT
coincidence imaging and MRI. J Cereb Blood Flow Metab 2010;30
(4):864-870

47. Fallahi B, Beiki D, Takavar A, et al: Low versus high radioiodine dose in
postoperative ablation of residual thyroid tissue in patients with differ-
entiated thyroid carcinoma: A large randomized clinical trial. Nucl Med
Commun. 2012;33(3):275-282

48. Fard-Esfahani A, Farzanefar S, Fallahi B, Beiki D, et al: Nasolacrimal duct
obstruction as a complication of iodine-131 therapy in patients with
thyroid cancer. Nucl Med Commun 2012;33:1077-1080

49. Fallahi B, Beiki D, Abedi SM, et al: Does vitamin E protect salivary glands
from I-131 radiation damage in patients with thyroid cancer? Nucl Med
Commun 2013;34:777-786

50. Fard-Esfahani A, Emami-Ardekani A, Fallahi B, et al: Adverse effects of
radioactive iodine-131 treatment for differentiated thyroid carcinoma.
Nucl Med Commun. 2014;35:808-817

51. Zakavi SR,Mousavi Z,Davachi B: Comparison of four different protocols
of I-131 therapy for treating single toxic thyroid nodule. Nucl Med
Commun. 2009;30(2):169-175

52. Esfahani AF, Eftekhari M, Zenooz N, et al: Gonadal function in patients
with differentiated thyroid cancer treated with (131)I. Hell J Nucl Med.
2004;7(1):52-55

53. Fallahi B, Adabi K, Majidi M, et al: Incidence of second primary
malignancies during a long-term surveillance of patients with differ-
entiated thyroid carcinoma in relation to radioiodine treatment. Clin-
Nucl Med 2011;36(4):277-282

54. Esfahani AF, Fallahi B, Olamaie R, et al: Semi-quantitative assessment of
salivary gland function in patients with differentiated thyroid carcinoma
after radioiodine-131 treatment. Hell J Nucl Med. 2004;7(3):206-209

55. Fard-Esfahani A, Mirshekarpour H, Fallahi B, et al: The effect of high-
dose radioiodine treatment on lacrimal gland function in patients with
differentiated thyroid carcinoma. Clin Nucl Med 2007;32(9):696-699

56. Fard-Esfahani A, Hadifar M, Fallahi B, Beiki D, et al: Radioiodine
treatment complications to the mother and child in patients with
differentiated thyroid carcinoma. Hell J Nucl Med. 2009;12(1):37-40

57. Hamidieh AA, Beiki D, Paragomi P, et al: The potential role of
pretransplant MIBG diagnostic scintigraphy in targeted administration
of 131 I-MIBG accompanied by ASCT for high-risk and relapsed
neuroblastoma: A pilot study. Pediatr Transplant 2014;18(5):510-517

58. Bahrami-Samani A, Ghannadi-Maragheh M, Jalilian AR, et al: Produc-
tion, quality control andbiological evaluation of 153Sm-EDTMP inwild-
type rodents. Iran J Nucl Med 2009;17(2):12-19

59. Ayati N, Aryana K, Jalilian A, et al: Treatment efficacy of 153Sm-EDTMP
for painful bonemetastasis. AsiaOcean JNuclMedBiol 2013;1(1):28-31

60. Beiki D, Haddad P, Fallahi B, et al: Effectiveness and complications of
153Sm-EDTMP in palliative treatment of diffuse skeletalmetastases. Iran
J Nucl Med 2013;21(1):26-32

61. Bahrami-Samania A, Anvari A, Jaliliana AR, et al: Production, quality
control and pharmacokinetic studies of177Lu-EDTMP for human bone
pain palliation therapy trialsservices. Iran J Pharm Res 2012;11
(1):137-144
62. Alavi M, Omidvari S, Mehdizadeh A, et al: Metastatic bone pain
palliation using 177Lu‑Ethylenediaminetetramethylene Phosphonic
Acid. World J Nucl Med 2015;14(2):109-115

63. Zolghadri S, Mirzaei A, Athari-allaf M, et al: Development of 90Y-
chitosan as a new agent for radiosynovectomy. J Radioanal Nucl Chem
2015;306:47-55

64. Norouzbeigi N, Zakavi SR, Ayati NK, et al: Efficacy of radiosynovectomy
in the treatment of chronic knee synovitis: Systematic review and meta-
analysis. Iran J Nucl Med 2015;23(2):59-64

65. Mortazavi SM, Asadollahi S, Farzan M, et al: (32)P colloid radio-
synovectomy in treatment of chronic haemophilicsynovitis: Iran expe-
rience. Haemophilia 2007;13(2):182-188

66. Shahzadi S, Sharifi G, Andalibi R, et al: Management of cystic
craniopharyngiomas with intracavitary irradiation with 32P. Arch Iran
Med. 2008;11(1):30-34

67. Davarpanah MR, Kalantari B, Nickzad R, et al: production of 188-re
sulphide colloid for knee joints arthritis treatment and acidity, molar
ratio and ultrasonic time optimization. J Nucl Sci Technol 2013;62:9-13

68. Pirayesh E, Amoui M, Mirzaee HR, et al: Phase 2 study of a high dose of
186Re-HEDP for bone pain palliation in patients with widespread
skeletal metastases. J Nucl Med Technol 2013;41(3):192-196

69. Beiki D, Tajik M, Haddad P, et al: Effectiveness and complications of
188Re-HEDP in palliative treatment of diffuse skeletal metastases. Iran J
Nucl Med 2015;23(1):44-48

70. Targholizadeh H, Raisali G, Jalilian AR, et al: Cyclotron production of
technetium radionuclides using naturalmetallicmolybdenum target and
consequent preparation of 99mTc-BRIDA as a sample radiopharmaceut-
ical. Nukleonika 2010;55(1):113-118

71. Jalilian AR, Targholizadeh H, Raisali GR, et al: Direct technetium
radiopharmaceuticals production using a 30 MeV Cyclotron. DARU
2011;19(3):187-192

72. Rajabifar S, AkhlaghiM, JalilianAR, et al: Preparation andbiodistribution
of 99mTc-IgG-HYNIC in normal rats. Nukleonika 2009;54(4):279-284

73. Shamshirian D, Erfani M, Beiki D, et al: Development of a 99mTc-labeled
lactam bridge-cyclized alpha-MSH derivative peptide as a possible single
photon imaging agent for melanoma tumors. Ann Nucl Med 2015;29
(8):709-720

74. Jalilian AR, Binehshmarvasti M: Synthesis, radiolabeling and stability of
new nitophenol complexes of technetium-99m, as possible hypoxia
imaging radiopharmaceuticals. J Radioanal Nucl Chem 2006;267
(1):169-173

75. Erfani M, Shamsaei M, Mohammadbaghery F, et al: Synthesis and
evaluation of a 99mTc-labeled tubulin-binding agent for tumor imaging.
J Label Compd Radiopharm 2014;57(6):419-424

76. Erfani M, ZarrabiAhrabi N, Shafiei M, et al: A 99m Tc-tricine-HYNIC-
labeled peptide targeting the neurotensin receptor for single-photon
imaging in malignant tumors. J Label Compd Radiopharm 2014;57
(3):125-131

77. ErfaniM,Doroudi A,Hadisi L, et al: 99mTc-tricabonyl labeling of ofloxacin
and its biological evaluation in Staphylococcus aureus as an infection
imaging agent. J Label Compd Radiopharm 2013;56(12):627-631

78. Hassanzadeh L, Erfani M, Najafi R, et al: Synthesis, radiolabeling and
bioevaluation of a novel arylpiperazine derivative containing triazole as a
5-HT1A receptor imaging agents. Nucl Med Biol 2013;40(2):227-232

79. Salouti M, Babaei MH, Rajabi H, et al: Comparison of 99mTc-labeled
PR81 and its F(ab’)2 fragments as radioimmunoscintigraphy agents for
breast cancer imaging. AnnNucl Med 2011;25(2):87-92

80. Mozaffari M, Erfani M, Beiki D, et al: Synthesis and preliminary
evaluation of a new 99mTc labeled substance P analogue as a potential
tumor imaging agent. Iran J Pharm Res 2015;14(1):97-110

81. Shamshirian D, Erfani M, Beiki D, et al: A 99mTc-tricine-HYNIC-labeled
peptide targeting the melanocortin-1 receptor for melanoma imaging.
Ann Nucl Med 2015;29:709-720

82. Jalilian AR, Rowshanfarzad P, Shafaii K, et al: Development of 111In-
DTPA-human polyclonal antibody complex for long-term inflamma-
tion/infection detection. Nukleonika 2005;50(3):91-96

83. Yousefnia H, Zolghadri S, Jalilian AR, et al: Preparation and biodis-
tribuion assessment of 111In-BPAMD as a novel agent for bone SPECT
imaging. Radiochim Acta 2015;103(9):653-661

http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref39
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref39
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref39
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref40
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref40
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref40
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref40
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref41
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref41
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref41
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref41
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref42
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref42
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref43
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref43
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref44
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref44
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref44
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref44
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref45
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref45
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref45
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref45
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref46
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref46
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref46
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref47
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref47
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref47
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref48
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref48
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref48
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref49
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref49
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref49
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref50
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref50
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref50
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref51
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref51
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref51
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref51
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref52
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref52
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref52
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref53
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref53
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref53
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref54
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref54
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref54
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref55
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref55
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref55
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref55
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref56
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref56
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref56
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref57
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref57
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref58
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref58
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref58
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref59
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref59
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref59
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref59
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref60
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref60
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref60
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref61
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref61
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref61
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref62
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref62
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref62
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref63
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref63
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref63
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref64
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref64
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref64
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref65
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref65
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref65
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref66
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref66
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref66
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref67
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref67
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref67
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref68
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref68
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref68
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref68
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref68
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref69
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref69
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref69
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref69
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref70
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref70
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref70
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref71
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref71
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref71
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref71
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref71
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref72
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref72
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref72
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref72
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref73
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref73
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref73
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref73
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref74
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref74
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref74
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref74
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref74
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref75
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref75
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref75
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref75
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref76
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref76
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref76
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref77
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref77
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref77
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref77
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref77
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref78
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref78
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref78
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref78
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref79
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref79
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref79
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref79
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref80
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref80
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref80
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref81
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref81
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref81


Radiopharmaceuticals and medical radioisotopes in Iran 355
84. Yousefnia H, Jalilian AR, Zolghadri S, et al: Development of 111In
DOTMP for dosimetry of bone pain palliation agents. J Radioanal Nucl
Chem 2015;304:911-916

85. AghanejadA, Jalilian AR,Maus S, et al: Preparation and quality control of
111In-Plerixafor for chemokine receptor type4 imaging. Recent Pat Top
Imaging 2015;5(1):26-30

86. Fakhari A, Jalilian AR, Yousefnia H, et al: Development of In-111-DTPA-
bis-alendronate complexes for bone pain palliation therapy. Front
Biomed Technol 2016;2(3):163-171

87. Firouzyar T, Jalilian AR, Shafiee-Ardestani M, et al: Development of an
111In-labeled dihydropyridine complex for L-type calcium channel
imaging. J Radioanal Nucl Chem 2015;303:2361-2369

88. Alirezapour B, Jalilian AR, Rajabifar S, et al: Preclinical evaluation of
[111In]-DOTA-trastuzumab for clinical trials. J Cancer Res Ther
2014;10(1):112-120

89. Sadeghi S, Mirzaei M, Rahimi M, et al: Development of 111In-labeled
porphyrins for SPECT imaging. Asia Ocean J Nucl Med Biol 2014;2
(2):95-103

90. Fazaeli Y, Jalilian AR, Amini MM, et al: Radiosynthesis and biological
evaluation of [111In]-5, 10, 15, 20-tetrakis (pentafluorophenyl) por-
phyrin complex as a possible imaging agent. Int J Nucl Energy Sci Eng
2012;2(1):28-32

91. Khorami-Moghadam A, Jalilian AR, Yavari K, et al: Synthesis, radio-
labeling and quality control of 111In-DOTA-bevacizumab for radio-
immunoscintigraphy of VEGF receptors. Radiochim Acta 2013;101:
577-584

92. GholipourN, Jalilian AR, Khalaj A, et al: Preparation and radiolabeling of
a lyophilized (kit) formulation of DOTA-rituximab with 90Y and 111In
for domestic radioimmunotherapy and radioscintigraphy of Non-
Hodgkin’s Lymphoma. DARU 2014;22:58

93. Jalilian AR, Garousi J, Akhlaghi M, et al: Development of In-111 labeled
insulin for receptor imaging/therapy. J Radioanal Nucl Chem 2009;279
(3):791-796

94. Jalilian AR, Shanehsazzadeh S, Kamali-dehghanM, et al: Development of
[111In]-DTPA-Buserelin for GnRH receptor studies. Radiochim Acta
2010;98:113-119

95. Jalilain AR, Sardari D, Kia L, et al: Preparation, Quality control and
biodistribution studies of two [111In]-Rituximab immunoconjugates.
Sci Pharm 2008;76:151-170

96. Jalilian AR, Fazaeli Y, Rahiminejad A, et al: Indium-111 maltolate
complex as a cell labeling agent for SPECT imaging. Iran J Nucl Med
2012;20(2):8-13

97. Fazaeli Y, Jalilian AR, Amini MM, et al: Radiosynthesis and biological
evaluation of [111In]-tris [8-Hydroxy-2-methylquinoline] complex as a
possible imaging agent. Iran J Nucl Med 2011;19(2):20-27

98. Jalilian AR, Mirzaii M, Karimian A, et al: Preparation of [111In]
Bleomycin. Iran J Nucl Med 2005;23(2):19-26

99. Jalilian AR, Akhlaghi M: HPLC analysis of radiogallium labeled proteins
using a two solvent system. J Liq Chromatogr Relat Technol
2013;36:731-739

100. Jalilian AR, Jouiaei M, Doroudi A, et al: Biological evaluation of [67Ga]-
DTPA-glucagon for SPECT imaging. J Radioanal NuclChem
2010;285:555-561

101. Haghighi Moghadam F, Jalilian AR, Nemati A, et al: Preparation and
biodistribution studies of [67Ga]2-acetylpyridine 4,4-dimethyl thiose-
micarbazone complex as a possible SPECT tracer for detection of
malignancies. J Radioanal Nucl Chem 2007;272(1):115-121

102. Jalilian AR, Mehdipour P, Akhlaghi M, et al: Evaluation of a [67Ga]-
Thiosemicarbazone complex as tumor imaging agent. Sci Pharm
2009;77:343-354

103. Jalilian AR, Yousefnia H, Shafaii K, et al: Preparation and biodistribution
studies of a radiogallium-acetylacetonate bis (thiosemicarbazone) com-
plex in tumor-bearing rodents. Iran J Pharm Res 2012;11(2):523-531

104. Aghanejad A, Jalilian AR, Fazaeli Y, et al: Synthesis and Evaluation of
[67Ga]-AMD3100; a novel imaging agent for targeting chemokine
receptor CXCR4. Sci Pharm 2014;82:29-42

105. Alirezapour B, Jalilian AR, Bolourinovin F, et al: Production and quality
control of 67Ga-DOTA-trastuzumab for radioimmunoscintigraphy. Iran
J Pharm Res 2013;12(2):355-366
106. Paknafas A, Fazaeli Y, Jalilian AR, et al: Radiosynthesis and quality
control of [67Ga]-3,4-dimethoxylated porphyrin complex as a possible
imaging agent. Iran J Pharm Res 2013;12(4):735-744

107. Fazaeli Y, Jalilian AR, Amini MM, et al: Preparation and Evaluation of
[67Ga]-Tetra phenyl porphyrin complexes as imaging agents. J Radioa-
nal Nucl Chem 2011;288:17-24

108. Fazaeli Y, Jalilian AR, Firouzyar S, et al: Development of radiolabeled
radachlorin complex as a possible tumor targeting agent. J Radioanal
Nucl Chem 2015;303:1695-1701

109. Fazaeli Y, Jalilian AR, Amini MM, et al: Development of Ga-67 maltolate
complex as a tumor imaging agent. Iran J PharmRes 2012;11(3):755-762

110. Shanehsazzadeh S, Lahooti A, Sadeghi HR, et al: Estimation of human
effective absorbed dose of 67Ga-DTPA-gonadorelin based on biodis-
tribution rat data. Nucl Med Commun 2011;32:37-43

111. Jalilian AR, Mirazizi F, Nazem H, et al: Development of 67Ga-DTPA-
Streptokinase for DVT Imaging. Pharm Chem J 2009;43(6):287

112. Jalilian AR, Tajik M, Garousi J, et al: Preparation and biodistribution of
[67Ga]-labeled-oxytocin for SPECT purposes. Iran J Radiat Res 2009;7
(2):105-111

113. Jalilian AR, Panahifar A, Mahmoudi M, et al: Preparation and biological
evaluationof [67Ga]-labeled-superparamagnetic nanoparticles in normal
rats. Radiochim Acta 2009;97:51-56

114. Jalilian AR, Shanehsazzadeh S, Akhlaghi M, et al: Preparation and
Evaluation of [67Ga]-DTPA-gonadorelin in normal rats. J Radioanal
Nucl Chem 2008;278(1):123-129

115. Jalilian AR, Shanehsazzadeh S, Akhlaghi M, et al: Preparation and
Evaluation of [67Ga]-DTPA-b1-24-corticotrophin in normal rats. Radio-
chim Acta 2008;96:435-439

116. Jalilian AR, Garosi J, Gholami E, et al: Evaluation of [67Ga]-Insulin for
insulin receptor imaging.NuclMedRevCent East Eur 2007;10(2):71-75

117. Jalilian AR, Mirsadeghi L, Haji-Hosseini R, et al: Preparation, Quality
control and Biodistribution studies of [67Ga]-DOTA-anti-CD20. Radio-
chim Acta 2008;96:167-174

118. Jalilian AR, Mirsadeghi L, Haji-Hosseini R, et al: Preparation and
Biodistribution of [67Ga]-DTPA-Rituximab in normal rats. J Radioanal
Nucl Chem 2007;274(1):175-179

119. Tabeie F, Bolouri M, Jalilian AR, et al: Dynamic distribution of 67Ga-
Bleomycin complex in normalmice. Iran J Pharmacol Ther 2003;1:24-29

120. Firouzyar T, Jalilian AR, Fazaeli Y, et al: Preparation and preliminary
biological evaluation of radiogallium-labeledDTPA-amlodipine complex
for possible L-type calcium channel imaging. Radiochim Acta 2014;102
(12):1127-1135

121. Hosseini-Salekdeh SL, Jalilian AR, Yousefnia H, et al: Evaluation of
radiogallium-labeled, folate embedded superparamagnetic nanoparticles
in fibrosarcoma-bearing mice. J Cancer Res Ther 2012;8(2):204-208

122. Jalilian AR, Yousefnia H, Bolourinovin F, et al: Development of
radiogallium-ethylenecysteamine cysteine complex as a possible renal
imaging agent. J Radioanal Nucl Chem 2010;284:49-54

123. Shirmardi SP, GandomkarM,MaraghehMG, et al: Preclinical evaluation
of a new bombesin analog for imaging of gastrin-releasing peptide
receptors. Cancer Biother Radiopharm 2011;26(3):309-316

124. www-pub.iaea.org/MTCD/publications/PDF/trs468_web.pdf
125. Jalilian AR, Rowshanfarzad P, Sabet M, et al: Preparation and quality

Control of [57Co]Bleomycins. Iran J Nucl Sci Technol 2006;38:4-11
126. Salek N, Jamre M, Moghaddam L, et al: Feasibility and improvement in

production of 191Os/191mIr generator by Tehran Research Reactor
(TRR). Ann Nucl Energy 2012;40:194-199

127. Moghaddam-Banaem L, Jalilian AR, Jamre M, N, et al: Radiosynthesis of
191Os-2-acetylpyridine thiosemicarbazone complex, as an in vivo
therapeutic radionuclide generator. Iran J Nucl Med 2013;21(2):53-59

128. Jamre M, Salek N, Jalilian AR, et al: Development of an in vivo
radionuclide generator by labeling bleomycin with 191Os. J Radioanal
Nucl Chem 2011;290:543-549

129. Jalilian AR, Roushanfarzad P, Sabet M, et al: Synthesis of [75Se]5-
ethoxycarbonyl-4-methyl-1,2,3-selenadiazole. Int J Appl Radiat Isot
2004;60:659-663

130. Mirzaei A, Jalilian AR, Aghanejad A, et al: Preparation and evaluation of
68Ga-ECC as a PET renal imaging agent. Nucl Med Mol Imaging
2015;49:208-216

http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref82
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref82
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref82
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref83
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref83
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref83
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref84
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref84
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref84
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref85
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref85
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref85
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref86
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref86
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref86
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref87
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref87
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref87
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref88
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref88
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref88
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref88
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref89
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref89
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref89
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref89
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref90
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref90
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref90
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref90
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref91
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref91
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref91
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref92
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref92
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref92
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref93
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref93
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref93
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref94
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref94
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref94
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref95
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref95
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref95
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref96
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref96
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref97
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref97
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref97
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref98
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref98
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref98
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref99
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref99
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref99
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref99
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref100
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref100
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref100
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref101
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref101
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref101
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref102
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref102
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref102
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref103
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref103
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref103
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref104
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref104
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref104
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref105
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref105
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref105
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref106
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref106
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref106
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref107
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref107
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref108
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref108
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref108
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref109
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref109
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref110
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref110
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref110
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref111
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref111
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref111
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref112
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref112
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref112
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref113
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref113
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref113
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref114
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref114
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref115
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref115
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref115
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref116
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref116
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref116
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref117
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref117
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref118
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref118
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref118
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref118
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref119
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref119
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref119
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref120
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref120
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref120
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref121
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref121
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref121
www-pub.iaea.org/MTCD/publications/PDF/trs468_web.pdf
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref122
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref122
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref123
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref123
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref123
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref124
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref124
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref124
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref125
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref125
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref125
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref126
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref126
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref126
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref127
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref127
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref127


A.R. Jalilian et al.356
131. Naderi M, Zolghadri S, Yousefnia H, et al: Preclinical study of 68Ga-
DOTATOC: Biodistribution assessment in syrian rats and evaluation of
absorbed dose in human organs. Asia Ocean J Nucl Med Biol 2016;
4(1):19-29

132. Aghanejad A, Jalilian AR, Maus S, et al: Optimized production and
quality control of 68Ga-DOTATATE. Iran JNuclMed 2016;24(1):29-36

133. Mirzaie A, Jalilian AR, Badbarin A, et al: Optimized production and
quality control of 68Ga-EDTMP for small clinical trials. Ann Nucl Med
2015;29:506-511

134. Mirzaei A, Jalilian AR, Shabani G, et al: Development of 68Ga ethyl
cysteinate dimer for PET studies. J Radioanal Nucl Chem 2016;307(1):
725-732

135. Shanehsazzadeh S, Jalilian AR, Lahooti A, et al: Preclinical evaluation of
68Ga-MAA from commercial available 99mTc-MAA kit. Iran J Pharm Res
2016. (Accepted)

136. Aghanejad A, Jalilian AR, Yousefnia H, et al: Production and quality
control of [68Ga]Citrate for PET applications. Asia Ocean J Nucl Med
Biol 2015;3(2):99-106

137. Fazaeli Y, Jalilian AR, Ardaneh K, et al: Development of a 68Ga-
fluorinated porphyrin complex as a possible PET imaging agent. Nucl
Med Mol Imaging 2012;46:20-26

138. Zoghi M, Niazi A, Jalilian AR, et al: Development of a Ga-68 labeled
triptorelin analog for GnRH receptor imaging. Radiochimica Acta
2016;104(4):247-255

139. Jalilian AR, Rowshanfarzad P, Sabet M: Production and application of
copper radiopharmaceuticals. Curr Radiopharm 2009;2(2):92-101

140. Jalilian AR, Sabet M, Rowshanfarzad P, et al: Production of Copper-64
diacetyl-bis (n4-methylthiosemi-carbazone) for therapeutic purposes.
World J Nucl Med 2008;7:166-171

141. Fazaeli Y, Jalilian AR, Kamali-dehghan M, et al: Production, quality
control and imaging of 64Cu-ATSM in healthy rabbits for PET
applications. Iran J Nucl Med 2010;18(1):14-21

142. Jalilian AR, Rowshanfarzad P, YariKamrani Y, et al: Production and
tumour uptake of [64Cu]pyruvaldehyde-bis (N4-methylthiosemicarba-
zone)for PET and/or therapeutic purposes. Nucl Med Rev Cent East Eur
2007;10(1):6-11

143. Alirezapour B, Rasaee MJ, Jalilian AR, et al: Development of [64Cu]-
DOTA-PR81 radioimmunoconjugate for MUC-1 positive PET imaging.
Nucl Med Biol 2016;43(1):73-80

144. Alirezapour B, Jalilian AR, Rasaee MJ, et al: Optimized preparation and
preliminary evaluation of [64Cu]–DOTA–trastuzumab for targeting
ErbB2/Neu expression. J Radioanal Nucl Chem 2013;295:1261-1271

145. Jalilian AR, Mirsadeghi L, Yari-kamrani Y, et al: Development of [64Cu]-
DOTA-anti-CD20 for targeted therapy. J Radioanal Nucl Chem
2007;274(3):563-568

146. Fazaeli Y, Jalilian AR, Amini MM, et al: Preparation, nano purification,
quality control and labeling optimization of [64Cu]-5,10,15,20-tetrakis
(pentafluoro phenyl) porphyrin complex as a possible imaging agent.
J Radioanal Nucl Chem 2013;295:255-263

147. Rowshanfarzad P, Sabet M, Jalilian AR, et al: An overview of copper
radionuclides and production of 61Cu by proton irradiation of natZn at
a medical cyclotron. Appl Radiat Isotopes 2006;64:1563-1573

148. Sabet M, Rowshanfarzad P, Jalilian AR, et al: Production and quality
control of 66Ga radionuclide. Nukleonika 2006;51(3):147-154

149. Jalilian AR, Rowshanfarzad P, Ziaii A, et al: Production, formulation and
quality control of [13N]NH3 compound for PET imaging of regional
blood flow. Iran J Nucl Med 2005;13(1):38-50. [Persian]

150. Jalilian AR, Fateh B, Ghergherehchi M, et al: Development of [62Zn]
bleomycin as a possible PET tracer. Nukleonika 2005;50(4):143-148

151. Jalilian AR, Akhlaghi M, Mirzaii M, et al: Production and biological
evaluation of [18f]-6-thia-14-fluoro-heptadecanoic acid. Nucl Med Rev
2006;9:108-113

152. AkhlaghiM, Jalilian AR, PashaiiAhi L, et al: Radiosynthesis and biological
evaluation of [18F]-tetracosactide using a semi-automated 18F-SFB
production module. J Nucl Sci Tech 2009;20:163-169

153. Sadeghpour H, Jalilian AR, Akhlaghi M, et al: Biological Evaluation of
[18F]-nifedipine as a novel PET tracer for L-type calcium channel
imaging. Nukleonika 2008;53(4):151-154
154. Sadeghpour H, Jalilian AR, Shafiee A, et al: Radiosynthesis of [18F]-
dimethyl 2-(fluoromethyl)-6-methyl-4-(2-nitrophenyl)-1,4-dihydropyr-
idine-3,5-dicarboxylate a for L-type calcium channel imaging. Radio-
chimica Acta 2008;96:849-853

155. Jalilian AR, Sheikhha M, Mirzaei M, et al: Radiosynthesis of [18F]-5-[2-
(2-chlorophenoxy)phenyl]-1,3,4-oxadiazole-2-yl-4-fluorobenzoate a
labeled ligand for benzodiazepine receptors. J Radioanal Nucl Chem
2004;260(2):373-377

156. Jalilian AR, Tabatabai SA, Afarideh H, et al: One-step, no-carrier-added
synthesis of a [18F]-Labelled benzodiazepine receptor ligand. J Label
Compd Radiopharm 2000;43:545-555

157. Jalilian AR, AfaridehH, Shafiee A, et al: No-carrier-added 18F-labeling of
a cholesteryl derivative, used in detection of adrenalmalignancies. J Label
Compd Radiopharm 2001;44:747-755

158. Jalilian AR, Afarideh H, Shafiee A, et al: A newmethod for one-step, no-
carrier-added synthesis of cholesteryl 4-[18F]-fluorobenzoate ([18F]-
CFB), a radiotracer used in detection of adrenal malignancies. J Pharm
Pharm Sci 2000;3(1):118-124

159. Jalilian AR, Seyfi P, Afarideh H, et al: Synthesis of a [18F] labeled
chelidonine derivative as a possible antitumor agent. Appl Radiat
Isotopes 2001;54:407-411

160. Jalilian AR, Rostampour N, Rowshanfarzad P, et al: Preclinical studies of
[61Cu]ATSM as a PET radiopharmaceutical for fibrosarcoma imaging.
Acta Pharm 2009;59(1):45-55

161. Jalilian AR, Sabet M, Rowshanfarzad P, et al: Optimization of the
production of [61Cu]diacetyl-bis(N4-methylthiosemicarbazone) for
PET studies. J Radioanal Nucl Chem 2006;269(1):147-154

162. Jalilian AR, Shanesazzadeh S, Rowshanfarzad P, et al: 61Cu-PTSM in
normal rats. J Nucl Sci Technol 2008;19(3):159-164

163. Jalilian AR, Rowshanfarzad P, Sabet M: Preparation of [61Cu]pyruval-
dehyde-bis (N4-methylthiosemicarbazone) complex as a possible PET
radiopharmaceutical. Radiochim Acta 2006;94:113-117

164. Jalilian AR, Zolghadri S, Faghihi R, et al: Preparation, quality control and
biodistribution studies of [61Cu]-oxinate for PET tumor imaging.
Nukleonika 2009;54(3):175-179

165. Jalilian AR, YousefniaH, Faghihi R, et al: Preparation, quality control and
biodistribution studies of [61Cu]-doxorubicin for PET tumor imaging. J
Nucl Sci Tech 2009;20:157-162

166. Jalilian AR, Nikzad M, Zandi H, et al: Preparation and preclinical
evaluation of [61Cu]-thiophene-2-aldehyde thiosemicarbazone for PET
studies. Nucl Med Rev 2008;11(2):41-47

167. Jalilian AR, Rowshanfarzad P, Sabet M, et al: Preparation of [61Cu]-2-
acetylpyridine thiosemicarbazone complex as a possible PET tracer for
malignancies. Appl Radiat Isot 2006;64(3):337-341

168. Jalilian AR, Sadeghi H, Zandi H, et al: Synthesis and preclinical studies of
[61Cu]-N-(2-hydroxy acetophenone) glycinate as a possible PET radio-
pharmaceutical. Sci Pharm 2008;276:637-651

169. Jalilian AR, Emami A, Akhlaghi M, et al: Radiosynthesis and preclinical
evaluation of [61Cu]-9,10-phenanthrenequinone thiosemicarbazone in
fibrosarcoma-bearing animals for PET imaging. Radiochimica Acta
2010;98:175-181

170. Gholipour N, Jalilian AR, Fazaeli Y, et al: Development of [62Zn/62Cu]-
DOTA-rituximab as a possible novel in vivo PET generator for anti-
CD20 antigen imaging. Radiochim Acta 2014;102(11):1035-1045

171. Jalilian AR, Zandi H, Sardari D, et al: Preparation and biological
evaluation of [61Cu]Bleomycin complex as a possible PET radio-
pharmaceutical. Nukleonika 2009;54(2):135-141

172. Jalilian AR, Rowshanfarzad P, Sabet M: Preparation of [61Cu]DTPA
complex as a possible PET tracer. Nukleonika 2006;51(2):111-117

173. Jalilian AR, Yari-Kamrani Y, Rowshanfarzad P, et al: Preparation and
preliminary evaluation of [55Co](II)vancomycin. J Nucl Sci Technique
2008;19(6):347-353

174. Jalilian AR, Rowshanfarzad P, Akhlaghi M, et al: Preparation and
biological evaluation of a [55Co]-2-acetylpyridine thiosemicarbazone.
Sci Pharm 2009;77:567-578

175. Jalilian A, Rowshanfarzad P, Yari-Kamrani Y, et al: Preparation and
evaluation of [55Co](II)DTPA for blood cell labeling. Open Inorg Chem
J 2009;3:21-25

http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref128
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref128
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref128
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref128
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref129
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref129
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref130
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref130
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref130
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref131
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref131
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref131
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref132
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref132
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref132
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref132
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref133
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref133
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref133
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref134
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref134
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref134
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref135
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref135
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref135
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref136
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref136
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref137
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref137
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref137
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref138
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref138
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref138
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref139
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref139
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref139
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref139
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref140
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref140
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref140
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref141
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref141
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref141
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref142
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref142
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref142
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref143
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref143
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref143
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref143
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref144
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref144
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref144
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref145
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref145
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref146
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref146
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref146
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref147
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref147
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref148
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref148
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref148
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref149
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref149
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref149
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref150
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref150
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref150
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref151
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref151
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref151
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref151
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref152
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref152
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref152
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref152
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref153
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref153
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref153
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref154
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref154
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref154
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref155
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref155
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref155
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref155
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref156
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref156
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref156
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref157
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref157
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref157
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref158
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref158
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref158
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref159
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref159
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref160
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref160
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref160
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref161
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref161
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref161
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref162
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref162
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref162
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref163
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref163
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref163
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref164
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref164
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref164
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref165
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref165
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref165
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref166
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref166
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref166
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref166
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref167
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref167
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref167
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref168
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref168
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref168
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref169
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref169
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref170
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref170
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref170
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref171
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref171
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref171
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref172
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref172
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref172


Radiopharmaceuticals and medical radioisotopes in Iran 357
176. Jalilian AR, Rowshanfarzad P, Rahiminejad A, et al: Development of
[66Ga]oxine complex: A possible PET tracer. Nukleonika 2006;51(3):
155-159

177. Jalilian AR, Rowshanfarzad P, Sabet M, et al: Preparation of [66Ga]
Bleomycin complex as a possible PET radiopharmaceutical. J Radioanal
Nucl Chem 2005;264(3):617-621

178. Pourjavadi A, AkhlaghiM, JalilianAR, et al: Preparation and evaluation of
a [66Ga]gallium chitosan complex in fibrosarcoma bearing animal
models. Nukleonika 2011;56(1):35-40

179. Fazaelihoseini-Nezhad SY, Jalilian AR: Production, quality control and
application of the 62Zn/62Cu radioisotope generator in Iran. Proceedings
of the 10th International Conference on Radiopharmaceutical Therapy
(ICRT). Innsbruck, Austria; May 4-8, 2015.

180. Rowshanfarzad P, Jalilian AR, Kiyomarsi M, et al: Production, quality
control and initial imaging studies of [82mRb]RbCl for PET studies.
Nukleonika 2006;51(4):209-215

181. Rowshanfarzad P, Jalilian AR, Sabet M: Simultaneus production and
quality control of 73Se and 75Se radioisotopes in a 30 MeV cyclotron.
Iran J Radiat Res 2004;2(1):45-51

182. SadeghiM, AboudzadehM, Zali A, et al: 86Y production via 86Sr(p, n) for
PET imaging at a cyclotron. Appl Radiat Isotopes 2009;67(7-8):
1392-1396

183. Sadeghi M, Enferadi M, Bakhtiari M: Accelerator production of the
positron emitter zirconium-89. Ann Nucl Energy 2012;41:97-103

184. Sadeghi M, DastanM, Ensaf MR, et al: Thick tellurium electrodeposition
on nickel-coated copper substrate for 124I production. Appl Radiat
Isotopes 2008;66(10):1281-1286

185. Zolghadri S, Yousefnia H, Afarideh H, et al: Measurement of thermal
neutron capture cross-section and resonance integral for 165Ho(n,γ)
166gHo reaction by activationmethod. Nucl InstrumMethods Phys Res
B 2013;295:94-98

186. Adeli R, GhannadiMaragheh M, ShamsaeiZafarghandi M, et al: Produc-
tion, quality control and biological evaluation of 90Y-EDTMP in rats.
J Nucl Sci Technol 2010;52:40-43

187. Poorbaygi H, Aghamiri SM, Sheibani S, et al: Production of glass
microspheres comprising 90Y and (177)Lu for treating of hepatic tumors
with SPECT imaging capabilities. Appl Radiat Isotopes 2011;69
(10):1407-1414

188. http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/32/
028/32028763.pdf

189. Mohammadnejad J, Rasaee MJ, Babaei MH, et al: Radioimmunotherapy
of MCF7 breast cancer cell line with 131I-PR81 monoclonal antibody
against MUC1: Comparison of direct and indirect radioiodination
methods. Hum Antibodies 2010;19(1):15-25

190. Salouti M, Babaei MH, Rajabi H, et al: Preparation and biological
evaluation of (177)Lu conjugated PR81 for radioimmunotherapy of
breast cancer. Nucl Med Biol 2011;38(6):849-855

191. Rasaneh S, Rajabi H, Babaei MH, et al: 177Lu labeling of Herceptin and
preclinical validation as a new radiopharmaceutical for radioimmuno-
therapy of breast cancer. Nucl Med Biol 2010;37(8):949-955

192. Nosrati S, Shanehsazzadeh S, Yousefnia H, et al: Biodistribution
evaluation of 166Ho-DTPA-SPION in normal rats. J Radioanal Nucl
Chem 2016;307(2):1559-1566

193. Rabie A, Enayati R, Yousefnia H, et al: Preparation, quality control
and biodistribution assessment of 153 Sm-BPAMD as a novel agent
for bone pain palliation therapy. Ann Nucl Med 2015;29(10):
870-876

194. Yousefnia H, Zolghadri S, Sadeghi HR, et al: Preparation and biological
assessment of 177Lu-BPAMD as a high potential agent for bone pain
palliation therapy: Comparison with 177Lu-EDTMP. J Radioanal Nucl
Chem 2016;307(2):1243-1251

195. Zolghadri S, Yousefnia H, Jalilian AR, et al: Production, quality control,
biodistribution assessment and preliminary dose evaluation of [177Lu]-
tetra phenyl porphyrin complex as a possible therapeutic agent. Braz J
Pharmaceut Sci 2015;51(2):339-348

196. Vahidfar N, Jalilian AR, Aghanejad A, et al: Development of radio-
lanthanide labeled porphyrin complexes as possible therapeutic agents
in beast carcinoma xenografts. Radiochimica Acta 2014;102(7):
659-668
197. Vahidfar N, Jalilian AR, Fazaeli Y, et al: Radiosynthesis and biological
evaluation of holmium-166 labeledmethoxylatedporphyrins as possible
therapeutic agents. J Radioanal Nucl Chem 2014;301(1):269-276

198. VahidfarN, Jalilian AR, Fazaeli Y, A, et al: Development and evaluation of
a 166holmium labelled porphyrin complex as a possible therapeutic
agent. J Radioanal Nucl Chem 2014;301:269-276

199. Zolghadri S, Yousefnia H, Jalilian AR, et al: Production, biodistribution
assessment and dosimetric evaluation of 177Lu-TTHMP as an agent for
bone pain palliation. Asia Ocean J Nucl Med Biol 2015;3(1):35-42

200. Yousefnia H, Zolghadri S, Jalilian AR, et al: Preliminary dosimetric
evaluation of 166Ho-TTHMP for human based on biodistribution data
in rats. Appl Radiat Isot 2014;94:260-265

201. Zolghadri S, Jalilian AR, Yousefnia H, et al: The synthesis, radiolabeling
and first biological evaluation of a new 166Ho-complex for radiotherapy
of bone metastases. Radiochimica Acta 2013;101:445-451

202. Fakhari A, Jalilian AR, Yousefnia H, et al: Preparation, biological
evaluation and dosimetry studies of 175Yb-bis-phosphonates for bone
pain palliation therapy. Mol Imaging Radionucl Ther 2015;24:110-119

203. Mollarazi E, Jalilian AR, Johari-daha F, et al: Development of 153Sm-
folate-PEI conjugated chitosan nanoparticles for targeted therapy pur-
poses. J Label Compd Radiopharm 2015;58:327-335

204. Ghahramani MR, Asgharizadeh F, Assadi MR, et al: Effects of different
carriers for adsorption of 125I on brachytherapy sources. Iran J Radiat
Res 2012;10(2):105-107

205. Shahzadi S, Azimi P, Parsa Kh Long-Term: Results of stereotactic
brachytherapy (temporary 125 iodine seeds) for the treatment of low-
grade astrocytoma (grade II). Iran RedCrescentMed J 2013;15(1):49-57

206. Hakimi A, Jalilian AR, Shirvani-Arani S, et al: Production, quality control,
biological evaluation and biodistribution modeling of Lutetium-177
maltolate as a viable bone pain palliative in skeletal metastasis.
J Radioanal Nucl Chem 2015;303(1):1-10

207. Naseri Z, Hakimi A, Jalilian AR, et al: Preparation and Bio-kinetics of
samarium-153 maltolate complex as a lanthanide mobilization product
in rats. Sci Pharm 2011;79:265-275

208. Fakhari A, Jalilian AR, Yousefnia H, et al: Development of 166Ho-
pamidronate for bone pain palliation therapy. J Radioanal Nucl Chem
2015;303:743-750

209. Jalilian AR, Anvari A, Bahrami-Samani A, et al: Development of 166Ho-
phytate complex for radiosynovectomy. Nucl Med Mol Imaging
2011;45:87-92

210. Yousefnia H, Jalilian AR, Zolghadri S, et al: Development of 177Lu-
phytate complex for radiosynovectomy. World J Nucl Med 2014;3:22

211. Zolghadri S, Jalilian AR, Naseri Z, et al: Development of 166Ho-PDTMP
as a possible bone palliation agent. World J Nucl Med 2014;13:28

212. Yousefnia H, Jalilian AR, Zolghadri S, et al: Production, quality control,
biodistribution assessment and preliminary dose evaluation of 177Lu-
PDTMP as a possible bone palliative agent. Nucl Med Commun
2013;35:99-107

213. NikzadM, Jalilian AR, Shirvani-Arani S, et al: Production, quality control
and pharmacokinetic studies of 177Lu-zoledronate for bone pain
palliation therapy. J Radioanal Nucl Chem 2013;298:1273-1281

214. Khorami-Moghadam A, Jalilian AR, Yavari K, et al: Production and
quality control of [166Ho]-DOTA-bevacizumab for therapeutic appli-
cations. J Radioanal Nucl Chem 2012;292:1065-1073

215. Khorami-MoghadamA, Bolouri B, JalilianAR, et al: Preclinical evaluation
of holmium-166 labeled anti-VEGF-A(bevacizumab). J Label Compd
Radiopharm 2013;56(8):365-369

216. Shirvani-Arani S, Bahrami-Samani A, Meftahi M, et al: Production,
quality control and biodistribution studies of thulium-170-labeled
ethylenediamine (tetramethylenephosphonic acid). Radiochimica Acta
2013;101:37-43

217. Moghaddam-BanaemL, Jalilian AR, PourjavidM, et al: Development of a
radioscandium immunoconjugate for radioimmunotherapy. Radiochi-
mica Acta 2012;100:215-221

218. Vakili A, Jalilian AR, Yavari K, et al: Preparation and quality control and
biodistribution studies of [90Y]-DOTA-cetuximab for radioimmuno-
therapy. J Radioanal Nucl Chem 2013;296:1287-1294

219. Vakili A, Jalilian AR, KhorramiMoghadam A, et al: Evaluation and
comparison of human absorbed dose of 90Y-DOTA-cetuximab in

http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref173
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref173
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref173
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref174
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref174
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref174
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref175
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref175
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref175
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref176
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref176
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref176
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref177
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref177
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref177
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref177
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref177
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref177
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref178
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref178
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref178
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref178
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref178
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref179
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref179
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref180
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref180
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref180
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref180
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref181
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref181
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref181
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref181
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref182
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref182
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref182
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref183
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref183
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref183
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref183
http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/32/028/32028763.pdf
http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/32/028/32028763.pdf
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref184
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref184
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref184
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref184
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref185
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref185
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref185
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref186
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref186
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref186
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref187
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref187
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref187
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref188
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref188
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref188
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref188
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref189
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref189
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref189
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref189
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref190
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref190
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref190
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref190
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref191
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref191
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref191
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref191
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref192
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref192
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref192
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref193
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref193
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref193
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref194
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref194
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref194
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref195
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref195
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref195
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref196
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref196
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref196
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref197
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref197
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref197
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref198
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref198
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref198
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref199
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref199
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref199
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref200
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref200
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref200
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref201
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref201
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref201
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref201
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref202
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref202
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref202
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref203
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref203
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref203
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref204
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref204
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref204
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref205
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref205
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref206
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref206
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref207
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref207
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref207
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref207
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref208
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref208
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref208
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref209
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref209
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref209
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref210
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref210
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref210
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref211
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref211
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref211
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref211
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref212
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref212
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref212
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref213
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref213
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref213
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref214
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref214


A.R. Jalilian et al.358
various age groups based on distribution data in rats. J Med Physics
2012;37(4):226-234

220. Gholipour N, Vakili A, Radfar E, et al: Optimization of 90Y-antiCD20
preparation for radioimmunotherapy. J Cancer Res Therapeut 2013;9
(2):199-204

221. Shirvani-Arani S, Jalilian AR, Bahrami-Samani A, et al: Development of
170Tm-DOTA-cetuximab for radioimmunotherapy. J Label Compd
Radiopharm 2012;55:103-107

222. Naseri Z, Hakimi A, Jalilian AR, et al: Synthesis, quality control and
biological evaluation of tris [(1,10-phenanthroline) [153Sm] samarium
(III)]trithiocyanate complex as a therapeutic agent. RadiochimicaActa
2012;100:267-272

223. Yousefnia H, Jalilian AR: Preparation and quality control of 177Lu-[tris
(1,10-phenanthroline) lutetium(III)] complex for therapy.NuclMedRev
2010;13:49-54

224. Shirvani-Arani S, Mahmoodabadi A, Bahrami-Samani A, et al: Prepara-
tion, quality control and biodistribution studies of 165Dy-chitosan for
radiosynovectomy. Nukleonika 2011;56(4):277-282

225. Bahrami-Samani A, Bagheri R, Jalilian AR, et al: Production, quality
control and pharmacokinetic studies of 166Ho-EDTMP for bone pain
palliation therapy. Sci Pharm 2010;78:423-433

226. Zolghadri S, Jalilian AR: Development of holmium-166 bleomycin as a
possible therapeutic complex. J Radioanal Nucl Chem 2010;285:
461-467

227. Bahrami-Samani A, Ghannadi-Maragheh M, Jalilian AR, et al: Biological
studies of samarium-153 bleomycin complex in human breast cancer
murine xenografts for therapeutic applications. Radiochimica Acta
2010;98:237-242

228. Zolghadri S, Jalilian AR: Preparation and quality control of 166Ho-
DTPA-antiCD20 for radioimmunotherapy. Radiochimica Acta 2011;99:
237-242

229. Bahrami-Samani A, Jalilian AR, Yousefnia H, J, et al: Development of
153Sm-DTPA-Rituximab for radioimmunotherapy. Nukleonika 2009;
54(4):271-277

230. Yousefnia H, Radfar E, Jalilian AR, et al: Development of 177Lu-DOTA-
anti-CD20 for radioimmunotherapy. J Radioanal Nucl Chem 2011;287:
199-209
231. Jalilian AR, YariKamrani Y, SadeghiM:Development of [103Pd]-labeled-
bis(N4-methylthiosemicarbazone) complexes as possible therapeutic
agents. Radiochimica Acta 2006;94:865-869

232. JalilianAR, SadeghiM, Yari-Kamrani Y, et al: Development of [103Pd]-2-
Acetylpyridine 4N-methyl thiosemicarbazone complex for targetedther-
apy. J Radioanal Nucl Chem 2006;268(3):605-611

233. Sadeghi M, Moradi S, Shahzadi S, et al: Dosimetry of (32)Pradiocolloid
for treatment of cystic craniopharyngioma. Appl Radiat Isot 2007;65
(5):519-523

234. Sadeghi M, Mirazaee M, Gholamzadeh Z, et al: Targetry and radio-
chemistry for no-carrier-added production of 109 Cd. Radiochimica
Acta 2009;97(2):113-116

235. Sadeghi M, Enferadi M, Aboudzadeh M, et al: Production of 122 Sb for
the study of environmental pollution. J Radioanal Nucl Chem 2011;287
(2):585-589

236. Bakht MK, Sadeghi M: Internal radiotherapy techniques using radio-
lanthanide praseodymium-142: A review of production routes, brachy-
therapy, unsealed source therapy. Ann Nucl Med. 2011;25(8):529-535

237. Bakht MK, Sadeghi M, Tenreiro C: A novel technique for simultaneous
diagnosis and radioprotection by radioactive ceriumoxide nanoparticles:
Study of cyclotron production of 137m Ce. J Nucl Chem 2013;292
(1):53-59

238. Sadeghi M, Enferadi M, Nadi H: Study of the cyclotron production of
172 Lu: An excellent radiotracer. J Radioanal Nucl Chem 2010;286
(1):259-263

239. Nadi H, SadeghiM, EnferadiM, et al: Cyclotron production of 169 Yb: A
potential radiolanthanide for brachytherapy. J Radioanal Nucl Chem
2011;289:361-365

240. Sadeghi M, Enferadi M: Production and radiochemical separation of no-
carrier-added 88 Y by liquid-liquid extraction. Radiochemistry 2011;53
(5):539-544

241. Sadeghi M, Ansari Z, Kakavand T: Targetry for 48V production and the
nuclear model calculation on the charge particle induced reaction on Ti
target. J Radioanal Nucl Chem 2012;293(1):167-175

242. Jalilian AR, Rowshanfarzad P, Rahiminejad A: Preparation, biodistribution
and stability of [65Zn]bleomycin complex. Daru 2004;12(3):115-122

243. Rowshanfarzad P, Jalilian AR, SabetM: Production and quality control of
65Zn radioisotope. Nukleonika 2005;50(3):97-103

http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref214
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref214
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref215
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref215
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref215
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref216
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref216
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref216
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref217
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref217
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref217
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref217
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref218
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref218
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref218
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref219
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref219
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref219
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref220
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref220
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref220
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref221
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref221
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref221
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref222
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref222
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref222
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref222
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref223
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref223
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref223
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref224
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref224
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref224
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref225
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref225
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref225
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref226
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref226
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref226
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref227
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref227
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref227
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref228
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref228
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref228
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref229
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref229
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref229
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref230
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref230
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref230
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref231
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref231
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref231
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref232
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref232
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref232
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref232
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref233
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref233
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref233
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref234
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref234
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref234
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref235
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref235
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref235
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref236
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref236
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref236
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref237
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref237
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref238
http://refhub.elsevier.com/S0001-2998(16)00007-6/sbref238

	Production and Clinical Applications of Radiopharmaceuticals and Medical Radioisotopes in Iran
	Introduction
	Diagnostic Radiopharmaceuticals
	Single Photon Emission Computed Tomography Agents
	Tc-99m Generators
	Gel-Moly Generator
	Fission-Moly Generators

	Tc-99m Cold Kits
	99mTc-UBI
	Production
	Local Clinical Evaluations

	99mTc-Bombesin
	Production
	Local Clinical Evaluations

	99mTc-Octreotide
	Production
	Local Clinical Evaluations

	99mTc-TRODAT-1
	Production
	Local Clinical Evaluations

	I-131 (Diagnostic)
	I-131 MIBG (Diagnostic)
	Gallium-67 Citrate
	Production
	Local Clinical Evaluations

	Thallium-201 Thallus Chloride
	Production
	Local Clinical Evaluations

	Indium-111 Oxine
	Production
	Local Clinical Evaluations

	In-111 DTPA
	Rb-81/Kr-81m Generator

	PET Radiopharmaceuticals
	F-18 NaF
	F-18 FDG


	Therapeutic Radiopharmaceuticals
	I-131 Oral Solution
	Production
	Local Clinical Evaluations

	I-131 MIBG Therapeutic
	Production
	Local Clinical Evaluations

	Sm-153 EDTMP
	Production
	Local Clinical Evaluations

	Lu-177 EDTMP
	Production
	Local Clinical Evaluation

	Y-90 Citrate Colloid and Y-90 Hydroxyapatite Colloid
	P-32 Sodium Phosphate
	P-32 Colloidal Chromic Phosphate
	Production
	Local Clinical Evaluations

	Re-188 Sulfur Colloid
	Re-186 HEDP
	Re-188 HEDP

	Agents at Research and Development Level
	SPECT Tracers
	Technetium-99m Tracers
	Indium-111
	Galllium-67 Tracers
	Cobalt-57
	191Os/191mIr Generator
	Selenium-75

	PET Tracers at the Research Level
	Ga-68 Generators and Tracers
	Copper-64 tracers
	Other PET Tracers and Radionuclides at the Preclinical Level

	Therapeutic Agents at the Research Level
	Other Radionuclides

	Future Trends and Conclusion
	References




