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INTRODUCTION

Nuclear medicine is an independent medical specialty 
that involves administration of radioactive drugs 
(radiopharmaceuticals) for the purpose of medical 
imaging and therapy [1]. In terms of nuclear chemistry, 
the radiopharmaceuticals contain radioactive elements 
(radionuclides) that emit particular types of nuclear 
radiation (α, β, γ) over a particular duration of time (half-
life) and with a specific energy level and length of body 
tissue penetration [2]. The potential use of radionuclides 
in medical diagnostic imaging and therapeutic nuclear 
medicine has been recognized for many decades [3]. 
Current research shows that approximately over 10,000 
medical facilities worldwide use radionuclides in medical 
diagnostic imaging and therapy [1, 2]. 
 
Radiopharmaceuticals target certain organs and 
physiologic processes. Special cameras (gamma cameras) 
are designed to track and monitor both pharmacokinetic 
and pharmacodynamic behaviors of radiopharmaceutical 
from the administered site to the targeted organ [5]. The 
selection of a particular radiopharmaceutical depends 
on the clinical question and organ or pathology of 
concern. Choice of the radiopharmaceutical to apply in 
diagnostic imaging and therapeutic nuclear medicine is 
typically based on the availability at the hospital, side 
effects, and its pharmacokinetic and pharmacodynamic 
properties [4]. However, the nuclear characteristics of 
radiopharmaceutical, particularly its mode of decay, half-
life, energy level, and tissue penetration ability are also 
taken into consideration [4]. 
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Abstract:  Radionuclides (radioisotopes) are radioactive atoms 
with specific nuclear properties that   have found an application in 
medical diagnostic imaging and radiotherapy in the form of various 
radiopharmaceuticals. Rhenium (Re) and technetium (Tc) have 
shown significant potential in nuclear medicine due to the prospective 
applications of rhenium radionuclides 186Re and 188Re in therapeutic 
nuclear medicine and technetium radionuclide 99mTc in medical 
diagnostic imaging. 186Re and 188Re radionuclides are both γ and 
β-emitting agents, while 99mTc radionuclide is only a γ-emitting 
agent; they exhibit favorable nuclear properties for medical imaging 
and therapy. Rhenium and technetium based radiopharmaceuticals 
are discussed in this review as they are widely applied in medical 
diagnostic imaging and therapeutic nuclear medicine in Europe 

 
Introduction of nuclear medicine began in the early 
1950’s with an endocrine emphasis, initially applying 
γ-ray emitter iodine-131 (131I) for diagnostic imaging of 
the thyroid gland and therapeutic treatment of patients 
with hyperthyroidism [1, 5].  Since then the field of 
nuclear medicine has expanded to include a large array 
of radiopharmaceuticals based on various radioactive 
elements. Nearly every organ of the body and many kinds 
of tumors can be assessed with nuclear imaging. Some 
radionuclides have also displayed success as therapeutic 
treatment [1, 2]. 
 
Cancerous and benign tumors have received considerable 
attention due to severity and increasing death rates. 
Similarly, rhenium (Re) and technetium (Tc) have been 
researched due to potential therapeutic nuclear medicine 
application of rhenium radionuclides 186Re and 188Re, but 
also the potential application of technetium radionuclide 
99mTc in medical diagnostic imaging [6, 7]. 

Rhenium based radiopharmaceuticals involve both 186Re 
and 188Re radionuclides and they are both γ and β-emitting 
agents. Due to their favorable nuclear properties, 
minimized side effects, and favorable pharmacokinetic 
and pharmacodynamic properties, they are widely applied 
in therapeutic nuclear medicine for different disease 
treatment in which both cancerous and benign tumors 
are emphasized [8]. In addition, the 188Re radionuclides 
based radiopharmaceuticals have shown value for a 
variety of applications in oncology, rheumatology and 

and other parts of the world. Rhenium radionuclide agents are not 
yet approved for use in the United States. The nuclear properties of 
medical 186Re, 188Re and 99mTc radionuclides and their production 
and incorporation into radiopharmaceuticals are discussed. Stabilization 
and biodistribution (pharmacokinetics) of rhenium and technetium based 
radiopharmaceuticals from the administered site to the targeted organ 
during imaging and therapy are also clarified. Finally the classification 
of rhenium- and technetium-based radiopharmaceuticals, and their most 
common uses in nuclear medicine are discussed. 
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interventional radiology/cardiology [8]. Technetium based 
radiopharmaceuticals involve a 99mTc radionuclide, which 
is a γ-emitter and finds applications in nuclear medicine, 
specifically in medical diagnostic imaging [6]. The use of 
99mTc radionuclide in medical diagnostic imaging began 
in 1961, with the thyroid being the first imaged organ [6]. 
 
This review discusses and reports on the findings of 
technetium and rhenium based radiopharmaceuticals as 
applied in medical diagnostic imaging of different organs 
and therapeutic treatment of diseased organs.

General Chemistry of Rhenium and Technetium 

The chemistry of rhenium and technetium (Tc) are 
similar to each other. Hence, the chemistry of rhenium 
can successfully be used for modeling the technetium 
chemistry and vice versa [9]. Similar physical properties 
of rhenium and technetium, particularly displaying the 
same photo-emission energy, are of interest in nuclear 
medicine. These enable monitoring of biodistribution of 
radiopharmaceuticals based on these metals using the 
same γ-ray camera [2, 10]. Another advantage is that the 
analogous rhenium and technetium radiopharmaceuticals 
are expected to share the same biodistribution pattern in 
the patient [2, 11]. 

Rhenium (Re) and technetium are located in Group 
VII on the Periodic Table with the atomic numbers 43 
(technetium) and 75 (rhenium) and are perhaps the 
most versatile of all the transition metals [12]. Due to 
their location in the middle of the d-block of transition 
metals, they exhibit the properties of both early and later 
transition metals. Consequently, they display a variety 
of coordination compounds in all oxidation states from 
-1 to +7 [12]. Rhenium and technetium compounds 
in the +2 and +6 oxidation states show instability and 
consequently, are rare in literature [2, 13]. Rhenium and 
technetium based radiopharmaceuticals are typically in 
+5 and +1 oxidation states due to considerable stability 
[2, 13]. In addition, technetium and rhenium based 
radiopharmaceuticals in +1 and +5 oxidation states have 
shown respectable biodistribution (pharmacokinetics) 
in medical imaging and therapeutic nuclear medicine 
compared to other oxidation states [14-16]. 

Production and Nuclear Properties of Medical 
Rhenium and Technetium Radionuclides
 
Radionuclides applied in therapeutic nuclear medicine are 
those emitting particles, such as gamma (γ) and beta 
(β), which have a high linear energy transfer [17, 18]. 
Beta particles exhibit fewer ionization events per unit of 
distance traveled than gamma particles, allowing them 
to penetrate deeper in the concerned tissue or organ for 
therapeutic treatment [17, 18].  Gamma particles show 
more ionization events per unit of distance traveled which 
results in more cellular damage over a shorter range 
[19, 20]. Gamma particles are detected by γ-cameras, 
for imaging, biodistribution, or absorbed radiation dose 
studies [20]. 186Re and 188Re radionuclides are γ and 
β-emitting agents, and are consequently applied in 
therapeutic nuclear medicine [2].

186Re is produced in nuclear reactors by irradiation of 
natural or enriched 185Re by neutrons (n) in the nuclear 
reactor [21]:
 
186Re has 90.64 hours half-life, and emits β particles 
of 1.07 Mev energy and γ particles of 137 Kev energy. 
It is noted that the specificity of 186Re produced in this 
manner is limited by neutron flux in the reactor [21]. The 
longer half-life of 90.64 hours for 186Re radionuclide is 
advantageous due to the prolonged therapeutic treatment 
of the targeted organ [20]. 186Re has disadvantage of 
showing a low specificity activity in therapeutic treatment 
due to its production via neutron (n) irradiation of 185Re 
[19, 20]. Due to its favorable mode of decay and its 
potentiality in therapeutic treatment, the methods for 
producing high specific activity 186Re are being explored 
[18, 20].  

188Re radionuclide is obtained in high specific activity from a 
commercially available tungsten-188 / Rhenium-188 (188W 
/ 188Re) generator system, and has 17 hours half-life, and 
emits β particles of 2.12 Mev energy and γ particles of 155 
Kev energy [19]. As result, 188Re radionuclide is produced 
from a generator with the parent radioisotope 188W (W = 
Tungsten) which originates in a nuclear reactor by double 
neutron capture of 186W to produce 188W [22]. The 
production of 188Re radionuclide applies beta (β) decay of 
188W radionuclide generator and the reaction has half lif 
of 69.4 days. The production of 188Re radionuclide is shown 
in the following nuclear reaction scheme [21]:

The separation of 188Re from unreacted 188W is performed 
in generators by column chromatography, extraction or gel 
technology [22]. However, the most accurate results are 
obtained using chromatographic technique in which 188W 
is adsorbed on aluminum and 188Re is eluted in a saline 
solution [22]. The 188Re yield after elution are generally 
75 % to 80 % of the available 188Re at the hospitals with a 
nuclear medicine department [8]. 

Radionuclides emitting gamma particles (γ) are successfully 
used in medical diagnostic imaging [18]. The emitted γ 
radiation interacts minimally with the low atomic weight 
elements found in the body, allowing it to escape the 
patient for detection by γ-cameras [18]. Technetium-m99 
(99mTc) radionuclide is γ-emitter and it is applied in 
medical diagnostic imaging.  It was isolated in 1938 after 
studying molybdenum-99 (99Mo) deflectors, which had 
been irradiated with deuterons [23]. Although discovered 
in 1938, 99mTc did not become medically applied until the 
1960 after a generator system was developed to easily 
separate 99mTc from its parent 99Mo [24]. 

Technetium radionuclide 99mTc is then produced from 
a molybdenum radionuclide (99Mo) [25]. During that 
process, the long half-life of 99Mo (66 hours) in the 
form of a molybdate ion, 99MoO42,- is introduced to the 
reactor, and the short half-life of 99mTc (6.02 hours) is 
progressively produced from the decay of the parent 99Mo 
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and it is formed as pertechnetate ion, 99mTcO4- , with β 
and γ ray emissions [6, 26].

99mTc has 6.02 hours of half-life and emits γ particles of 
140.5Kev energy, and its shorter half life is of interest 
in medical imaging [26]. The production of 99mTc 
radionuclides occur in the molybdenum-technetium 
(99Mo-99mTc) generator system; it is based on the principle 
that the short-lived radioactive daughter, 99mTc, is 
easily and repeatedly isolated from the long-lived parent 
radionuclide, 99Mo [26, 27]. 

The separation of 99mTc from the mother radionuclide, 
99Mo, in the molybdenum-technetium generator is also 
facilitated by the difference in physical and chemical 
properties of technetium radionuclide, 99mTc, and 
molybdenum radionuclide, 99Mo [26, 27]. 

Both radionuclides, 186Re and 188Re, are radiochemically 
active and are γ and β-emitting agents [28], while 99mTc 
is only a γ-emitting agent [2, 27]. The suitability of 
radionuclides
  
186Re and 188Re in therapeutic nuclear medicine and 
99mTc in diagnostic imaging are related to their favorable 
nuclear properties summarized in Table 1 [26, 29, 30]. 
Table 1: Nuclear characteristics of medical 186Re, 188Re 
and 99mTc radionuclides

Rhenium and Technetium Based 
Radiopharmaceuticals

 
Radiopharmaceuticals are used in nuclear medicine for 
diagnostic imaging of different organs and radiotherapy 
for various diseases [4]. The potential application of 
radioisotopes in diagnostic imaging or therapeutic nuclear 
medicine is related to their nuclear characteristics such as 
chemical properties, mode of decay, half-life, daughter 
product(s), side effects and tissue penetration ability [4, 
31]. However, radionuclide production techniques and 
purity are also taken into consideration [31]. 

Rhenium based radiopharmaceuticals involve both 186Re 
and 188Re radionuclides and are widely used in therapeutic 
nuclear medicine for treatment of various diseases, 

particularly destroying or weakening cancerous and benign 
tumors and malfunctioning cells located in different organs  
[2].  The favorable  nuclear  properties  of  medicinal   186Re  
and 188Re radionuclides for therapeutic nuclear medicine 
are  tissue penetration abilities, which are suitable for 
treatment of small and large tumors, their relative half-lives, 
which are long enough to prolong the treatment period 
and their β-particle emission energies, which are high 
enough to deliver the radiation dose (see Table 1) [2, 11]. 
Rhenium based radiopharmaceuticals are the most popular 
radiopharmaceuticals in therapeutic nuclear medicine 
due to their favorable nuclear properties, minimized side 
effects, availability in the majority of hospitals due to cost-
effectiveness, easy forms of biodistribution in patient’s and  
reduced toxicity risks of metal rhenium [8]. 
 
Technetium based radiopharmaceuticals involve 99mTc 
radionuclides and are widely applied in nuclear medicine, 
specifically for medical imaging [2]. The chemistry of 
rhenium and technetium are similar to each other and 
consequently, the preparation of therapeutic rhenium 
based radiopharmaceuticals may be successfully used 
for preparing homologous diagnostic imaging technetium 
based radiopharmaceuticals [32]. Technetium radionuclide 
99mTc is used worldwide in 80% of diagnostic imaging 
procedures [33]. The use of technetium radionuclides, 99mTc, 
in medical diagnostic imaging is related to its favorable 
nuclear characteristics. It has a short half-life (t1/2 = 6.02 h, 
see Table 1) which is a major benefit  since the radionuclide 
decays very quickly, causing minimal damage to the 
patient’s tissues and allowing rapid scans and diagnosis 
[33]. The γ-ray emissions from 99mTc have an energy of 140 
keV [34], this energy is efficient enough to penetrate the 
imaged organ since the defined optimum energy range for 
successful medical imaging facilities currently presented in 
various hospitals is 100-200 keV [34, 35]. The low γ-ray 
energy of 140 keV from 99mTc easily escapes the human 
body, are successively detected by gamma cameras and 
cause very little damage to the patient’s imaged organ 
[35]. In addition, 99mTc radionuclides may be prepared in 
different forms and travel to different organs, allowing 
specific diagnostics with minimized side effects [34]. The 
99mTc radionuclide in its various formulations is currently 
used in scanning to locate and diagnose conditions in the 
heart, kidneys, lungs, brain, thyroid, bones, stomach and 
liver [34, 36]. The typical example is the image shown 
below (Figure 1) which represents the 99mTc normal brain 
scan image (a) and 99mTc tumor positive brain scan image 
(b, arrow) [37].

Figure 1: Representative of 99mTc normal brain scan 
image (a) and 99mTc tumor positive brain scan image (b, 
arrow)
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99mTc based radiopharmaceuticals have the potential 
advantages in medical imaging due to the fact that they 
provide (in some clinical cases) the detailed insight into a 
living system in a way that classical imaging techniques, 
such as magnetic resonance imaging (MRI) and X-ray, 
typically cannot [37]. The typical example is the brain 
tumors which mostly represent the clinical problem in 
oncology due to their increasing incidence, difficulties 
in treatment and high rates of recurrence [18, 37]. 
Today, there is a potential challenge to evaluate the 
post treatment of diseases status because differentiation 
of recurrence from treatment-induced changes is not 
possible with the use magnetic resonance imaging (MRI) 
or X-ray [37]. 99mTc has been used in this regard as imaging 
methods, and has shown the successful differentiation of 
recurrence from treatment-induced changes (see Figure 
2) leading to the successfully brain tumors treatment  
[37].

Figure 2: Presentation of 18F scan (a, arrow), MRI scan 
(b, arrow) and 99mTc scan (c, arrow) for patient with 
temporal glioma post surgery and radiotherapy with 
clinically suspected recurrence

According to the Figure 2, it is clear that the patient 
was positive for recurrence on 18-fluoride (18F) scan 
(a, arrow), magnetic resonance imaging (MRI) scan (b, 
arrow) and 99mTc scan (c, arrow). However, the lesion on 
MRI (b) covered both viable tumor and radionecrotic area. 
99mTc scan image (c, arrow) showed only tracer uptake at 
viable tumor area, well correlated with the positive tumor 
area delineated by 18F scan (a, arrow).

Preparation of Rhenium and Technetium Based 
Radiopharmaceuticals
 
Typical preparation of rhenium and technetium-based 
radiopharmaceuticals starts from the perrhenate ion, 

186/188ReO4−, and pertechnetate ion, 99mTcO4−, respectively 
obtained from different radionuclide generators [6, 34]. 
During the preparation, metal ions have to be reduced by 
appropriate reducing agents (mostly a Sn(II) salt), and 
coordinated by suitable chelating ligand which will stabilize 
the low oxidation state of the Lewis acidic metal center, 
and determine the biodistribution  of  radiopharmaceutical 
in the patient [6, 34]. 

In addition, the physiological buffer solution for adjusting 
the pH to the physiological pH is added to the reaction 
[34]. Such procedures commonly occur in so-called “instant 
kits” (Figure 3) [6] and the reaction must be optimized 
since the expected purity and yield of the products 
should be reproducible at 95% [2, 6]. After performing 
their chromatographic quality control, the produced 
radiopharmaceuticals should be ready for injection without 
further purification [2, 6]. 

Figure 3: Instant kit reconstitution for preparing rhenium 
and technetium based radiopharmaceuticals

 Stabilization of Rhenium and Technetium Based 
Radiopharmaceuticals 

As for other metal-based radiopharmaceuticals, the 
major objective to be taken into consideration during 
the designing of rhenium and technetium based 
radiopharmaceuticals is to assure that they accumulate in 
and are eliminated from the targeted organ / tissue, blood 
and the entire body [17]. The scientific approaches are 
used when attempting to shuttle rhenium and technetium 
based radiopharmaceuticals to specific areas in body. In 
most of cases the metal rhenium and technetium must be 
coordinated to a specific chelating ligand in order to keep 
the metal away from becoming a free agent in the body, 
and in some cases to help stabilize its oxidation state [18].
Consequently, before being administered as 
radiopharmaceuticals, 186Re, 188Re and 99mTc radionuclides 
must be stabilized by the appropriate chelating ligands 
(L) to help maintain their composition in physiologic 
conditions. Without stabilizing measures, alteration of 
radiopharmaceutical chemical properties in the human 
body (e.g. changing oxidation state etc) could alter 
the biodistribution, leading to unsuccessful therapeutic 
treatment or diagnostic imaging [28, 38, 39]. Stabilization 
of radiopharmaceuticals before administration is therefore 
an important step in achieving diagnostic quality imaging 
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studies and successful radiotherapy in nuclear   medicine 
[28, 38-40].
  
The chelating ligand (L) for stabilizing 186R, 188Re and 99mTc 
radionuclides are usually those with multiple heteroatom 
donor sites such as nitrogen (N), sulfur (S), oxygen (O) 
and phosphorous (P), and coordinate to rhenium and 
technetium centre resulting in M−L complex (M = 186R, 
188Re and 99mTc ) (Scheme 2) with a particular stability 
[28, 39].

Scheme 2: Stabilization of rhenium and technetium 
radionuclides (M) by chelating ligand (L) resulting in 
stable M-L complex (M)

Biodistribution of radiopharmaceuticals is therefore 
determined by the properties of the total M−L complex, 
leading to an essential rhenium and technetium based 
radiopharmaceuticals with accurate diagnostic imaging 
and therapeutic properties [8, 38].
  
Administration and Biodistribution of Rhenium 
and Technetium-Based Radiopharmaceuticals in 
Patients 

The administration mode of radiopharmaceuticals and 
timing of imaging depends on the disease process being 
studied. The amount of radiopharmaceutical given to the 
patient should be kept to the minimum amount (nano-
to picomolar quantity) necessary to achieve high quality 
imaging or effective therapy [18]. Once this minimum 
quantity is respected, radiopharmaceuticals will rarely 
cause the physiological effects and will offer a way to 
monitor their pharmacokinetics and pharmacodynamic 
behavior with a minimum disruption to the system 
[18].  In nuclear medicine, radiopharmaceuticals are 
administered to a patient through intravenous injection, 
oral ingestion, inhalation or direct injection or instillation 
into the concerned organ [30, 38].

Biodistribution of radiopharmaceuticals describes how 
they are biologically distributed (pharmacokinetic) and 
transported through the body from the administered 
site to the targeted organ during medical imaging 
or radiotherapy. For intravascular administered 
radiopharmaceuticals biodistribution is facilitated by blood 
flow or binding to biological molecules such as proteins 
and enzymes on targeted organ [39]. Other modes of 
administration such as inhalation or ingestion rely on the 
physiology of lung and GI tract.

Biodistribution of rhenium and technetium-based 
radiopharmaceuticals in the body is commonly 
determined by different factors such as physico-chemical 
properties of radiopharmaceutical, stability of radiolabel, 
purity of radiopharmaceutical, pathophysiologic state of 

the patient and the presence or absence of interfering 
drugs [38]. Consequently, the availability, shape, size 
and solubility of biological molecules, which control the 
biodistribution and transport of rhenium and technetium 
based radiopharmaceuticals to the targeted organ, are 
important factors to consider for successful medical imaging 
and therapy in nuclear medicine [38, 39]. There are two 
main methods in which rhenium and technetium based 
radiopharmaceuticals are biodistributed and transported 
to the targeted organ for therapeutic or medical imaging 
purpose [35, 39]: 
 
Biodistribution by Blood Flow and Perfusion 

Radiopharmaceuticals whose biological distribution is 
strictly determined by blood flow and perfusion are 
named perfusion agents. This biodistribution mode often 
occurs when the targeted sites are urinary, mononuclear 
phagocyte and bone systems as well as hepatocyte tissue 
[39, 41]. 
 
Biodistribution by Specific Interactions 

Rhenium and technetium based radiopharmaceuticals 
which are biodistributed by specific interactions are 
called second-generation agents or target-specific 
radiopharmaceuticals. In this case, radiopharmaceutical 
biodistribution is determined by specific interactions such 
as receptor binding, transporting or enzymatic interactions; 
thus targeting low capacity sites [39, 41]. 
 
Classification of Rhenium and Technetium Based 
Radiopharmaceuticals 

Rhenium and technetium based radiopharmaceuticals 
are divided into three generations according to their 
biodistribution modes or respective synthetic approach 
[34]. 
 
First Generation Rhenium and Technetium Based 
Radiopharmaceuticals 

The first generation of radiopharmaceuticals are those 
with a biological distribution strictly determined by blood 
flow and perfusion. They can be classified as perfusion 
agents since they do not display any targeting functions 
in the body [2, 34]. The nuclear medicine application 
of these radiopharmaceuticals primarily depends on 
their physiochemical properties including hydrophilicity, 
charge and size of the 186/188Re−L complex. These 
properties have also been proven to determine biological 
distribution of radiopharmaceutical between tissues 
[34]. Most commercially available technetium-based 
radiopharmaceuticals for medical imaging are first 
generation [6]. 

The first generation radiopharmaceuticals are often 
applied when the targeted sites are urinary, mononuclear 
phagocyte and bone systems as well as hepatocyte 
tissue [2, 35]. For, example, 99mTc−Gla and 99mTc−Glh 
complexes in which gluconic acid and glucoheptonic acid, 
Gla and Glh (Figure 4) respectively, have been introduced 
for renal imaging [2, 42]. 
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Another example of first generation rhenium and 
technetium radiopharmaceuticals utilizes
 
186/188Re−HEDP and 99mTc−HEDP, in which HEDP is 
1-hydroxyethylidene-1,1- diphosphonate (Figure 5). The 
186/188Re−HEDP complex has been successfully used for 
palliation of pain relief from metastatic bone cancer [2, 
36]. The 99mTc−HEDP complex is widely used for skeletal 
imaging [2, 43]. 

Figure 6: Structure of diethylenetriaminepentaacetic acid 
(DTPA) and 1,4,7,10- tetraazacyclododecane-1,4,7,10-
tetraacetic acid (DOTA)

The 186/188Re−DTPA is used as a potential radiopharmaceutical 
for intravascular radiation therapy while 99mTc−DTPA 
complex is used for kidney and brain scintigraphy [44]. 
The 186/188Re−DOTA-chelated compounds are potential 
radiopharmaceutical targeted therapeutic treatment of 
various types of tumors.  99mTc-DOTA-chelated compounds 
can be used for diagnostic imaging in the kidney, lung and 
liver imaging [45−47].

DMSA is “dimercaptosuccinic acid” (Figure 7) and it is a 
thiol (-SH) and carboxylate (-OOC) functionalized ligand.

Second Generation Rhenium and Technetium 
Based Radiopharmaceuticals

Second generation rhenium based radiopharmaceuticals 
target specific biological molecule receptors and 
bind for transport to the targeted organ. Hence, the 
radiopharmaceutical distribution to the specific site in the 
body is facilitated by such biological molecule receptors 
[2, 6, 34]. The ligands (L) coordinated to the second 
generation 186/188Re and 99mTc radiopharmaceuticals 
must be bifunctional in order to stabilize the metal ion 
in a particular oxidation state through coordination and 
covalently link the radiopharmaceutical to the biovector 
[2]. Possible biological molecule receptors are peptides, 
antibodies, proteins and pharmacophores [34]. 

The connecting functionality of the radiopharmaceutical 
to the biovector commonly occurs through carboxylate 
(COO-) or amine groups (NH2, NH and N), which can 
be conveniently activated with standard strategies 
from organic chemistry such as carbon-hydrogen (C-
H) nitrogen-hydrogen (N-H), nitrogen-carbon (N-C) 
and carbon-oxygen (C-O) bonding modes [4, 34]. 
Consequently, the carboxylate and/or amine functions 
of polyaminopolycarboxylic acids have been applied as 
stabilizing ligands (L) of 186/188Re and 99mTc radionuclides 
in preparation of second generation rhenium and 
technetium based radiopharmaceuticals [2, 34]. 
 
Examples include 186/188Re−DTPA and 99mTc−DTPA, 
186/188Re−DOTA and 99mTc−DOTA radiopharmaceuticals 
in which DTPA is diethylenetriaminepentaacetic acid 
and DOTA is 1,4,7,10-tetraazacyclododecane-1,4,7,10-
tetraacetic acid (Figure 6) [2, 34].

Figure5: Structure of 1-hydroxyethylidene-1,1-
diphosphonate (HEDP)                                             

Figure 8: Structure of mercaptoacetyltriglycine (MAG3)

Figure 7: Structure of dimercaptosuccinic acid 
(DMSA) 

Figure4: Structure of gluconic acid (Gla) and 
glucoheptonic acid (Glh)

The 186/188Re(V)−DMSA complex is a second-generation 
radiopharmaceutical and is suggested as an agent for 
therapeutic treatment of medullar carcinoma [48]. The 
homologous 99mTc(V)−DMSA complex is widely used as 
a radiopharmaceutical for diagnostic imaging of medullar 
thyroid carcinoma [48]. The 186/188Re−DMSA complex has 
shown selective uptake in tumor tissue analogous to that 
of its technetium counterpart and offers the possibility of 
therapeutic treatment of this disease [49, 50]. 

Mercaptoacetyltriglycine (MAG3) is a triamide, ester 
and thiol functionalized ligand (Figure 8) that efficiently 
stabilizes rhenium radionuclides. The 186/188Re(V)−MAG3 
system is a second-generation radiopharmaceutical which 
forms a square pyramidal oxo complex and is commonly 
used as a radiation source in liquid-filled balloons for 
therapeutic prevention of restenosis [2, 51]
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The analogous technetium complex 99mTc(V)−MAG3 is 
commonly used as a diagnostic imaging agent for renal 
function [39, 52]. In both cases, the system has been 
adapted by the attachment of an activated ester group 
via an amide group to permit conjugation to antibodies. 

Third Generation Rhenium and Technetium Based 
Radiopharmaceuticals

 
In this case, the essential parts of biological 
molecules (mostly hormones) are mimicked and the 
radiopharmaceutical complex 186/188Re−L is incorporated 
into the carbon skeleton [2, 38]. The radionuclides of 
rhenium or technetium are incorporated into the carbon 
skeleton by coordination to carboxylate or aminothiol 
groups. The radioactive metal center and its ligands are 
insulated by metal-oxygen double bonds to mimic the 
electronic structure of the respective hormone [2, 34]. 
Hormones such as progesterone and testosterone have 
been synthesized and tested for this application [47]. 

An example is the oxorhenium(V) radiopharmaceutical 
(186/188ReO3+), synthesized from radionuclides rhenium 
and tetradentate chelating ligand (ligand with four 
coordination sites for bonding to rhenium) with amino 
(-NH2), amido (O=C-NH-), thioether (R-S-R) and thiol (R-
SH) groups which incorporated into the chelating ligand 
[2, 34]. This oxorhenium(V) complex is known to be 
incorporated in the female hormone, estradiol, replacing 
the C and D rings as shown in Figure 9 [2, 34]. 

Figure 9: Structure of estradiol hormone (1) and 
rhenium-estradiol template (2)

CONCLUSION

Radionuclides 186/188Re and 99mT play a considerable 
role in the development of new target-specific medical 
imaging and therapeutic radiopharmaceuticals. Medical 
imaging radiopharmaceuticals should be those with short 
half-life and emit gamma (γ) particles since they are 
detected by γ-camera leading to the successful organ 
imaging. γ-emitter 99mTc has short half-life and maps the 
physiological function giving more specific information 
about the organ function and dysfunction, and in some 
clinical cases, 99mTc shows the better diagnostic imaging 
performance than other medical imaging techniques.

Therapeutic radionuclides should emit γ and β particles 
with a high linear energy transfer and long half-life for 
prolonging therapeutic treatment.186/188Re are γ and 
β-emitters and have the longer half-life, and higher linear 

energy transfer making them to be efficient in therapeutic 
treatment. The similarity between rhenium and technetium 
chemistry, particularly emitting γ-particles enable the 
monitoring of the biodistribution of radiopharmaceuticals 
based on these metals using the same γ-ray camera. 
In addition, analogous rhenium and technetium based 
radiopharmaceuticals are expected to have the similar 
pharmacokiteic properties. 

Rhenium and technetium based radiopharmaceuticals have 
been potentially and worldly applied in medical imaging 
and therapeutic treatment of benign and cancerous 
tumors. For fighting against benign and cancerous tumors, 
there is a need of exploring the chemistry of rhenium and 
technetium for designing the new radiopharmaceuticals 
based on these metals.
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