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1. INTRODUCTION

Infection and inflammation remain widespread clinical problems throughout the world.
Most infections can be effectively treated with antibiotics and will never require referral to an
imaging department but certain types of infection are quite refractory to drug treatment and
may require hospital intervention. Such conditions include deep-seated muscular or
orthopaedic infections especially those resulting from previous surgery; acute life-threatening
infections which require immediate effective treatment such as acute appendicitis; severe
chronic infections arising from drug-resistance; and opportunistic infections in immune-
compromised individuals. When these cases are referred to scintigraphic imaging, the
following questions may require to be answered:

• Is there inflammation ?
• Where is i t?
• How severe is it ?
• What is its probable cause ?

In order to answer these questions, the most important requirement is a reliable
radiopharmaceutical for infections imaging.

The consultants were asked to undertake the following duties;

• Take stock of the developments in radiopharmaceuticals for imaging infection and
inflammation and in particular those of Tc-99m.

• Identify, if possible, the most promising approach to developing useful Tc-99m
agents for this purpose.

• Discuss radiochemical methods for their preparation and procedures for their
evaluation including animals models.

• If appropriate, help in formulating a CRP and work plan for the Agency.

The list of participants is attached.

Currently only a small number of radiopharmaceuticals are available for this purpose.
The most well established agents and those still regarded as the 'gold-standard' are indium-
111 and technetium-99m labelled white cells. However, these products have a number of
drawbacks, in particular: the need for well-trained staff and suitable facilities for separating
and labelling the patient's blood; the risk of infection and cross-contamination associated with
the possibility of blood-borne microorganisms; and the considerable expense of the materials
required for cell labelling. For this reason considerable efforts have gone towards developing
replacements for radiolabelled white cells. Some of these are reasonably widely available.
They include In- 111 or Tc-99m labelled Human Immunoglobulin (hlgG), Tc-99m labelled
albumin microparticles and Tc-99m labelled antigranulocyte antibodies such as BW250/183
and Immu-3, an anti-NCA-90 F(ab') fragment. However, these radiopharmaceuticals still
retain some disadvantages, related either to their cost and availability or their performance.
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The ideal radiopharmaceutical for imaging inflammation should be able to answer the
clinical questions posed above, but in addition should:

• be non-toxic and impose a low radiation burden to the recipient;
• provide a rapid diagnosis by clearing rapidly and showing minimal uptake in

uninfected tissues; and
• be inexpensive, widely and readily available and simple and quick to prepare.

At the present time no radiopharmaceutical fulfils all these requirements and the
development of new and improved agents therefore remains a very worthwhile aim for
scientific research in general and, in particular, for the establishment of a co-ordinated
research programme by the IAEA.

2. REVIEW OF RADIOPHARMACEUTICALS FOR INFECTION
IMAGING

Radiopharmaceuticals for imaging inflammation have generally been divided into two
types - so-called 'specific' and 'non-specific'. The distinction between them relates not to the
quality of their performance but to the mechanism of their action. Any inflammatory process
is accompanied by changes in tissues which results in a local increase in vascular permeability
and extravascular volume. These changes are induced in order to allow the mediators of the
body's normal defence mechanisms - cells and proteins - to leave the blood stream and enter
the immediate vicinity of the site of inflammation. However, while white cells and antibodies
may extravasate into this area, any intravenously administered radiopharmaceutical will also
do so. Thus 'non-specific' agents work solely by their ability to leave the bloodstream and
remain for some period of time at the site of the inflammation. 'Specific' agents, while also
exhibiting some degree of non-specific localisation show an additional interaction with either
the host immune system or the agent causing the inflammation which increase the efficiency
of delivery.

Both 'specific' and 'non-specific' radiopharmaceuticals may, depending on the nature of
the condition under study be equally effective and, for example, a 'non-specific' product In-
111 HIG has shown high accuracy in a number of inflammatory conditions. However, in some
cases, particularly with regard to identifying the cause of an inflammation, a 'specific' product
may be more appropriate.

In identifying possible candidate molecules for inclusion into a CRP, the consultants
identified the following desirable criteria which the radiopharmaceutical should meet.

It should:

• have the potential for ultimate clinical application;
• permit distinction between inflammation induced by infection and other causes;
• allow for diagnosis within one working day;
• be non-toxic;
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• provide opportunities for development of radiolabelling methodologies and animal
models;

• use readily available materials;
• not be too expensive for either the equipment or materials required;
• use well defined, tried and tested, freely-accessible technology; and
• employ technetium-99m as the radiolabel.

The consultants reviewed and discussed all the radiopharmaceuticals which have been
developed in this area in the recent or more distant past. [A complete list of those considered
is attached as Annex A]. From this list a number of candidates were chosen, including both
'specific' and 'non-specific' agents, which would most accurately fulfil the criteria set. These
were:

• Human Immunoglobulins
• Liposomes
• Anti-neutrophil antibodies
• Chemotactic (fMLP) peptides
• Platelet factor 4 derived peptides
• Ciprofloxacin
• Interleukin-8

The consultants considered that all of these fulfilled a significant number of the criteria,
however, in order to more accurately formulate the content of the CRP it was felt necessary to
prioritise this list still further and the following most promising contenders were therefore
identified:

• Human immunoglobulin
• Anti-neutrophil antibodies
• Chemotactic (fMLP) peptides
• Platelet factor 4 derived peptides

Each of these radiopharmaceuticals were therefore discussed in further detail:

2.1. Human polyclonal immunoglobulin G (hlgG)

In the late 1980's a research group at Massachussets General Hospital was the first to
show that human nonspecific polyclonal immunoglobulin G (hlgG) labeled with In-111 could
be used to image infectious and inflammatory foci scintigraphically. A series of mechanisms
for retention of this radiopharmaceutical in infectious and inflammatory foci was proposed:
initially, it was suggested that the interaction of IgG with the Fc-receptor of leukocytes in the
inflammatory foci was responsible for the retention in the infection. Subsequently, Protein A
in the bacterial cell wall was proposed to cause the preferential localization. It was also
hypothesized that the retention of In-111-labeled catabolic products were specifically retained
in the inflammatory site. However, it has now been generally accepted that this
radiopharmaceutical accumulates in infectious foci due to the locally enhanced vascular
permeability.
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There is extensive clinical experience with radiolabeled hlgG. Labelled with In-Ill
using DTPA as a chelator it has been characterized in a wide range of patients with infectious
and inflammatory diseases, such as:

• patients with infections of the locomotor system
• patients with fever of unknown origin
• febrile granulocytopenic patients
• patients with diabetic foot
• patients with osteomyelitis
• pulmonary infection

Overall, these studies show that luIn-hIgG has a high sensitivity and specificity to
image infectious foci in these patient populations. Because In-111 is relatively expensive,
gives a relatively high radiation dose and has less optimal imaging characteristics, one would
rather use hlgG labeled with Tc-99m. Indeed, several groups have developed hlgG
preparations labeled with Tc-99m and have shown it can be used successfully for imaging
infection. It has been shown that the mean effective radiation dose to the patient due to a
"Tc-IgG s c a n j s app roximately 30-times lower (8.4 uSv) than the mean effective dose of an
"'in-IgG scan (250 uSv). It has also been shown that the in vivo behaviour of Tc-99m-labeled
IgG preparations is very similar to that of In-111-IgG. The clinical utility of Tc-99m-IgG
preparations has been shown in a large number of publications.

Tc-99m labeled hlgG is considered to be an excellent agent for infection imaging,
because:

• it is a non-toxic radiopharmaceutical (hlgG has been administered to thousands of
patients at very high doses without any side-effects);

• it can be easily labeled with Tc-99m: several one-step, one-vial techniques have
been developed to label hlgG with Tc-99m with high efficiency (>95%);

• hlgG preparations that can be used clinically are readily available;
• it has a relatively low mean effective radiation dose;
• it has physiologic uptake in only a few tissues - liver and testis and to a lesser extent

in kidneys and spleen; and
• it is nonimmunogenic

On the other hand, the agent has a few disadvantages:

• Accumulation in the infectious or inflammatory tissue is relatively slow. As a result
a 24-h postinjection image is required for final diagnosis.

• Clearance from the blood is relatively slow, hampering delineation of infectious
foci in well perfused areas in the body such as the liver and large blood vessels
(vascular graft infections).

• The agent cannot distinguish between infectious and inflammatory tissue as its
mechanism of accumulation relies on the inflammatory response of the host
(instead of the presence of the infectious organism).
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Despite its widespread use, Tc-99m labeled hlgG is not a well-defined
radiopharmaceutical. In fact, there is a large variability in Tc-99m IgG preparations that have
been used clinically. Firstly, several different labeling techniques have been used, for example
those based on direct reduction techniques; iminothiolane and methods using bifunctional
chelators such as MAG3 and HYNIC.

It has been shown that the use of the labeling technique considerably affects the
biodistribution of the radiolabel and thus the quality of the scintigraphic images. It has been
shown in a rat model that when HYNIC is used as a bifunctional chelator, abscess uptake is
higher and kidney uptake is lower as compared to direct labeling techniques and the
iminothiolane method. Similarly, it has also been recently shown that when MAG3 is used as
a bifunctional chelator abscess uptake is higher and kidney uptake is lower disadvantages.

Secondly, the Tc-99m-IgG preparations have been produced from various commercially
available human IgG sources. It appears that the source of the IgG used could also affect the
in vivo behaviour of the preparation considerably, mainly in terms of liver, spleen and kidney
uptake. Hence, the consultants are of the opinion that there is a need to investigate the effect
of both the labeling method as well as the IgG source on the in vivo behaviour of the
radiopharmaceutical, in order to define the most optimal preparation.

2.2. Anti-neutrophil antibodies

A large number of monoclonal antibodies (MAB) that recognise certain receptors
expressed on PMNS have been identified and labelled with Tc-99m. At least four of these
antibodies have been evaluated in patients to image infectious foci. These are MAB-47,
BW250/183, IMMU-3 (Leukoscan ®) and anti-CD15 MAB (LeuTech ®). The latter three
antibodies are owned by commercial companies and would not be available for inclusion in
the CRP. However MAB-47 could be available. This antibody recognises NCA-95 antigens
expressed on human PMNs. A technique has been developed to label the MAB with Tc-99m
and the Tc-99m-MAB-47 has been shown to retain its biological activity. Furthermore, the
labelled MAB has been also shown, in limited numbers of patients, to image abscesses in less
than 4 hrs. after its administration. The MAB is IgG2a in isotype and is used intact. The
incidence of generation of human antibody against murine antibody is reported to be low.
Provided that this antibody can be produced at an economically acceptable price it would be
an ideal candidate for inclusion in this CRP. A further antibody called CEA-79.4 has also
been produced by a group in Korea. This is also a high affinity anti-NCA95 antibody which
could possibly be utilised in this trial if it remains available and can be produced in sufficient
quantities.

2.3. Chemotactic Peptides

A series of WBC binding peptides have been considered for infection imaging
(interleukin-1, interleukin-1 receptor antagonist, interleukin-2, interleukin 8, tuftsin,
leukotriene, f-MetLeuPhe, Substance P, somastatin analogs). The use of small Tc-99m labeled
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WBC-binding peptides for infection imaging undoubtedly has some attractive aspects. Studies
have been performed in experimental animals and in a limited number of patients. Peptides
are small in size, less immunogenic and relatively less expensive to produce than MABs.
Peptides can have a high degree of receptor specificity and a high degree of receptor binding
affinity. Because of their small size, they can clear rapidly from circulation and permit rapid
imaging. Potentially these radiopharmaceuticals can be prepared by a rapid one-step
procedure and it can lead to a one-day imaging procedure. However, each of these peptides
have several draw-backs. Most of the peptides induce temporal neutropenia (fMetLeuPhe and
IL-8), while others induce more severe side-effects even at very low (imaging) doses (IL-1,
Substance P). Due to their lipophilicity, some peptides are cleared via the hepatobiliary
pathway (leukotriene antagonists). In addition, some of these peptides are not available in the
large quantities required for research (IL-1, IL-8). Most importantly, the uptake of some of
these peptides in inflammatory foci is relatively low (IL-lra, somatostatin analogs), while
physiologic uptake (liver, bowel) in normal tissues of some of these peptides is relatively high
(IL-lra, tuftsin).

Among the most well characterised peptides is fMLP. It was discovered in early 1970
and has been shown to have high affinity to C5a, the chemotactic receptors expressed on
human and laboratory animal neutrophiles. Several agonists and antigonists of fMLP have
been prepared, conjugated with bifunctional chelating agents (BFCA) and labelled with Tc-
99m. Clinical results are awaited. One analogue does not require conjugation with BFCA and
can be labelled with Tc-99m with nearly quantitative yields. Although evaluation of this
analogue is only preliminary and no comparison with its other counterparts has yet been
made, it is easy to prepare and ready to be labelled with Tc-99m once it is synthesized. It does
not need synthesising BFCAs, conjugating them, separating the conjugated component by
using a preparative HPLC and identifying and characterising the required product. Other than
these advantages, its place among the fMLP analogues has not yet been established.

2.4. Platelet factor 4 (PF4)

Platelet factor 4 is 29-kDa homotetrameric protein that is released by platelets during
activation. It contains a heparin binding sequence C-terminally and therefore the molecule has
been called 'the body's heparin neutralizing agent'. At Diatide Inc. (Londonderry, NH)
several Tc-99m PF-4 analogs that showed avid binding to human white blood cells (WBC)
have been developed. These studies indicated that the heparin binding sequence of the
molecule complexed with heparin bound to WBC most avidly. P483H is a 23 aminoacid
peptide containing the heparin binding sequence of PF-4, a penta-lysinyl sequence for rapid
renal excretion and a Tc-chelating sequence (Cys-Gly-Cys-Gly). In both in-vivo and ex-vivo
studies with 99mTc-P483H in humans and and experimental animals, the major fraction of the
radioactivity has been found to be associated with white cells. In scintigraphic imaging of
rabbits with E.Coli-induced infection in the thigh muscle abscesses were clearly visualized 3
hrs after injection. Physiologic uptake was observed in liver, kidneys and bladder. In this
model, ""Tc-P483H outperformed five other radiopharmaceuticals (I!1In-WBC, 67Ga-citrate,
mIn-DTPA, 99mTc-nanocolloid, 131I-albumin, 99mTc-glucoheptonate) both in terms of absolute
uptake in the abscess as well as in terms of abscess-to-background ratios.
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""Tc-P483H has also been studied in patients presenting with suspected infection. So
far, no side-effects have been observed: (no transient neutropenia, no changes in blood gasses
or blood pH). Preliminary results indicate that 99mTc-P483H can be used as a directly
injectable, leukocyte-binding infection imaging agent. However, in some patients significant
release of the Tc-99m label has been observed resulting in extensive thyroid uptake,
indicating that the Tc-99m-chelating chemistry for this peptide needs to be optimized.

The heparin binding sequence of PF4 lacks many of the drawbacks exhibited by some
peptides Because it is a relatively small peptide large amounts of the peptide can be
synthesized at relatively low costs. No side-effects have been reported. The Tc-99m labeled
peptide does not show major physiologic uptake in nontarget tissues. Complete renal
excretion of the peptide can be obtained by slight modification of the peptide (5 lysine
residues N-terminally). Uptake of the Tc-99m labeled peptide in the infectious foci appears to
be relatively high. Based on these characteristics PF4 is clearly a suitable candidate for
inclusion in this CRP.

3. PLAN OF INVESTIGATION

Phase I

It is suggested that a relatively well defined plan of action be formulated for the first
phase of the project with Human Immunoglobulin.

Selection of the optimal labeling method

Human polyclonal nonspecific IgG will be labeled with Tc-99m by up to four different
methods (direct method, iminothiolane method, MAG3, HYNIC). Each of these methods will
be optimized to produce a labeling efficiency exceeding 95%. The stability of each of the
99mTc-IgG preparations will be determined (incubation in PBS or serum at 37 °C as well as in
transchelating assays).

Subsequently, the biodistribution of the 99mTc-IgG preparations will be determined in a
rat model. For these studies several models could be used, especially those that have been
described in the literature extensively: rats with calf muscle infections induced by S.aureus or
rats with sterile inflammation induced by turpentine.

Selection of the optimal hlgG source

The composition of a series of hlgG sources (Baxter, Sandoz, CLB, Sigma, and others)
will be determined by HPLC and SDS-PAGE. The hlgG content of each of these preparations
may be determined using an ELISA assay. Subsequently, each of these hlgG preparations will
be labeled with Tc-99m (using a method selected from #1), and the biodistribution of the
99mTc-IgG preparations will be determined in a rat model.
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Development and optimization of a kit preparation for ^mTc-hIgG

A kit preparation will be developed using the most optimal Tc-99m labeling method as
well as the most optimal hlgG source. This kit should allow the rapid one-step preparation of
99mTc-hIgG for clinical use.

Phase II

For the second phase of the programme it is less easy to define a plan of investigation
since a) the actual compounds that will be studied have not yet been identified and b) new
data published in the intervening period may influence the experimental design. However, in
general the following parameters will be of interest for study:

Radiolabelling technology

Both antibodies and peptides can be labelled with Tc-99m by two ways. In one, a
suitable BFCA that can chelate Tc-99m efficiently is conjugated with a biomolecule of
choice, the conjugate is purified, characterized and kept ready for radiolabelling as and when
needed. In the other approach, a limited number of disulphide bridges in the molecule are
reduced under controlled chemical conditions and the resultant thiols are used for efficient
labelling with Tc-99m. To date the MAB-47 has been labelled with this second approach. It
should be amenable for radiolabelling using the BFCA approach. fMLP and PF4 peptides
however, do not contain a disulphide bridge as an integral part of their molecular structure and
could only be labelled using the BFCA approach.

The BFCA approach: HYNIC (hydrazinonicotinamide), and MAG-3 (mercaptoacetyl-
triglycine) have been used successfully as bifunctional chelating agents for both antibodies
and peptides. Since neither are commercially available they would require central synthesis
and distribution to the participants.

The disulfide reduction approach. This approach could be applicable only to the
monoclonal antibodies. Several reducing agents such as ascorbic acid, stannous chloride,
mercaptoethanol, dithoiothrietol, iminothiolane etc. have been used for a controlled reduction
of disulfide groups. One or more of these agents could be used and their efficacy for (i)
radiolabelling yields and (ii) preservation of the biological activity of the peptide could be
evaluated.

Evaluations in-vitro

Once the MAB and FMLP analogues are labelled with Tc-99m, they should be
examined for at least three following parameters before studies are undertaken for their in-
vivo evaluations. These parameters are:

Labelling yields: For determination of Tc-99m MAB yields a simple ITLC (Instant thin
layers chromatography) may be satisfactory. A HPLC (high pressure liquid chromatography)
technique may be required to determine Tc-99m peptide yield.

Stability of tracer: An assessment of the stability of the radiopharmaceutical in simple
aqueous solution, during incubation in fresh human plasma and following challenge by an
excess of cysteine should be performed.
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Cell binding assay: Using separated human and animal PMNs, cell binding assays
should be performed. A standard scatchard plot is ideal since it provides both Kd values as
well as permitting the measurement of the number of specific receptor expressed on PMN.

Pre-clinical in-vivo evaluations

For in-vivo evaluations of agents that are expected to be specific for receptor molecules
expressed on neutrophils, the dog should be the preferred animal model. This is not only
because the neutrophil concentration in circulating blood of the dog is similar to that of the
humans, but also because dog neutrophils express many receptors expressed on human
neutrophils. However, dogs are expensive and large.

These parameters limit the number of dogs that can be entered in such study. Once
abscesses are induced, the dogs must be sacrificed. It is therefore advisable that only those
agents that fulfill all the criteria of a promising agent should be evaluated in dogs.

In addition to the criteria stated in in-vitro experiments, an agent must also be examined
in animals for its blood clearance, in-vitro stability and tissue distribution studies. These
studies could be performed in mice, rats or rabbits. An agent that will be considered to be
promising could then be evaluated in abscesses bearing dogs.

Blood clearance: This could be studied in rats and rabbits. Generally in this study, the
agent is injected in-vivo and then serial venous blood samples are drawn at predetermined
intervals. The samples are then weighed and radioactivity associated with them is determined
together with two samples withdrawn, from a standard solution prepared at the time of
injection. The results are calculated as % of injected dose /g. These are then plotted as a
function of time and half clearance time is determined.

Stability of agents in-vivo: This study is performed by analysing urine samples collected
from animals which had received the agent previously. Rats are suitable for this study. After
in-vivo injections, these animals are placed in metabolism cages, urine samples are collected,
total activity excreted is determined and the samples analysed by HPLC. Good stability will
indicate that the agent is less susceptible to in-vivo degradation and that it has better chances
to interact with circulating neutrophils.

Preliminary imaging and tissue distribution studies: Preliminary tissue distribution
studies could be performed in rabbits bearing experimental abscesses. Abscesses could be
sterile or bacterial. Sterile abscesses are induced by injections of turpentine while bacterial
abscesses are induced by i.m. injections of live organisms. Following an in-vivo injection of
the agent under examination, the animals could then be imaged and sacrificed at
predetermined periods of time. Tissue should then be harvested and radioactivity associated
with them should be quantified as %I.D./g.

Studies in dogs: Any agent that gives promising results should then be examined in 3 to
5 abscess bearing dogs. Again, abscess should be bacterial and sterile. The influence of the
age of the abscess on imaging then should be examined.

The activity of an agent for imaging osteomyelitis may also be studied in dogs. Models
are available but they are complex and time consuming to perform.

- 11 -



In these animals blood samples should be drawn and the fraction of the injected
radioactivity associated with circulating neutrophils should be determined. This study will be
the true indicator of the specificity of these agents for circulating neutrophils.

4. CONCLUSIONS AND RECOMMENDATIONS

Recent years have seen some progress in the development of new radiopharmaceuticals
for the detection of inflammation and, since infection remains a major clinical problem, it is
recommended that the IAEA establish a new co-ordinated research programme in this field in
order to further explore this new technology and to ensure its widest possible application.

It is recommended that this CRP evaluate method for radiolabelling, analysis and pre-
clinical assessment of a small number of radiopharmaceuticals which may be either 'specific'
or 'non-specific' in their mode of action.

As possible candidates for evaluation, the consultants recommend human
immunoglobulin, the anti-neutrophil antibodies MAB-47 or CEA 79.4, chemotactic (fMLP)
peptides and platelet factor 4 derived peptides, all of which meet most of the criteria identified
for new radiopharmaceuticals with this application. A general outline of the recommended
experimental procedures to be employed is described above.

Since it is likely that four potential products is too many for a comprehensive systematic
exploration by all the participants in a CRP it will be necessary to further prioritise this list
either before or after the start of the programme. It is likely that new data expected to be
published from studies currently underway will assist this process. In particular further
information needs to be obtained on the availability and cost of anti-neutrophil antibodies, the
degree of toxicity associated with the use of fMLP peptides and concerns about the in-vivo
stability of PF4 derived peptides.

It is therefore recommended that the CRP commences with a study of new aspects of the
use of the 'non-specific' product technetium-99m labelled human immunoglobulin - in
particular a comparison of different radiolabelling techniques and different sources of the
starting material. This will ensure that the CRP is able to commence promptly and securely
with readily available, inexpensive reagents and will allow the establishment of appropriate
labelling and analytical methods as well as animal models in all the participating laboratories.

It is expected that this phase of the programme would take about one year after which
time it would be appropriate to disseminate the results of the study more widely, for example
through a series of workshops. Thereafter the CRP should continue with a study of one or two
of the 'specific' radiopharmaceuticals listed above. The final choice to be determined by
further information which will become available between the writing of the report and the
start of the CRP.
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5. ANNEX A RADIOPHARMACEUTICALS FOR INFECTIONS
IMAGING

Routinely used agents

• Ga-67 citrate
• 18F-Deoxyglucose
• mIn-oxineWBC
• Tc-99m-HMPAO WBC
• Tc-99m albumin microparticles

Directly injectable PMN specific agents

MABs:

• Tc-99m-B W 250/183; NCA-95

• Tc-99m-Leukoscan: F(ab'), NCA-90
• Tc-99m-LeuTech: CD-15
• Tc-99m-Neutrophil Elastase Inhibitor

Peptides:

• Tc-99m/In-l 11 -fMLP analogs
• Tc-99m-Tuftsin
• Tc-99m-P485 H
• Tc-99m-fMLP

Directly injectable
microorganism specific agent

• Tc-99m-Infecton (ciprofloxacin)

Directly injectable specific agents
(for other than PMNs)

• Anti-E-selectin antibody [(In-111-2B6-F(ab')2]
• I-123-IL-1
• I-123-IL-2
• Tc-99m-IL-2
• I-125-IL-8
• Leukotriene B4, antigonists

RP517
RP532

• DMP444
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Directly injectable non-specific agents

• In-111-HIgG
• Tc-99m-HIgG
• Tc-99m-PEG-Liposomes
• Tc-99m-HYNIC-Liposomes
• Avidin/In-111 -Biotin
• Tc-99m-glucoheptonate
• Tc-99m-MDP
• Tc-99m-citrate (etc.)
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