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Introduction. 

It is now over twenty-five years since the development of the 

"technetium generator" revolutionized nuclear medicine by making 

the radionuclide, 99m To, easily available to clinical facilities 

MU@8545/87/$21.65 0 1987 Elsevier Science Publishers B.V. 
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I1 1. ggm Tc is presently the most commonly used nuclide for the 

imaging of internal organs by scintillation cameras and it is 

estimated that sales of the generator, derivatization kits and 

related equipment is on the order of $108/yr. Since this 

technology readily lends itself to automation, sophisticated data 

handling, and graphical presentation of the physiological functions 

of internal human organs, it is now at the forefront of the 

clinician's arsenal of safe, informative, diagnostic techniques. 

Owing to its position in the middle of the transition elements, 

technetium exhibits a wide range of chemistry. Medically useful 

and potentially useful complexes in aqueous solution exist in 

oxidation states ranging between Tc(1) and Tc(VII), with Tc(III), 

(IV) and -(V> being somewhat more common. A number of excellent 

reviews dealing with the chemistry [2 ,3 ,4 ,5 ,6 ,7 ,8 ,9 1 and 

structure 110 1 of technetium compounds have recently been 

published. Since the initial impetus to the field was supplied by 

medical diagnosticians, primarily interested in developing easily 

prepared materials to yield useful organ images, full chemical 

characterization was rarely performed on diagnostic preparations. 

It has only been within the last decade that coordination chemists 

have begun concerted efforts to clarify the structure and chemistry 

of these radiopharmaceuticals, devise general synthetic methods and 

employ this information in the design of new imaging agents. This 

review attempts to correlate the now burgeoning chemistry of 

technetium (through June. 1985) with the preparation and 

biodistribution of the clinical agents. After a brief description 

of commonly used synthetic methods and imaging techniques, 

technetium radioscintigraphic compounds are surveyed by order of 

the organs they image. 

Chemistry and Instrumentation 

Technetium Generation. The radiophysical properties of the 

nuclide 99m Tc, which exists in a metastable nuclear excited state, 

axe nearly ideal for diagnostic radioscintigraphy. As in all types 

of photography, precise imaging depends on accurately directing the 

radiation toward the imaging medium. In radioscintigraphy, 

collimation of the r-rays before striking the scintillation medium 
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is accomplished by an arrangement of hexagonal holes aligned 

through a thick piece of lead [ll 1. While highly energetic r-rays 

require very thick collimators, the 141 KeV r-ray from QQmTo falls 

in a convenient range handled by a reasonable thickness of lead, 

but is sufficiently energetic to penetrate through several layers 

of tissue and give rise to a scintillation event.on striking a 

sodium-iodide crystal. 

A typical scan involves 20-30 mCi of QQmTc, which rapidly 

decays to the long-lived "11~ $,2 = 2.13 x lo5 yr). The 6.02 hr 

half-life of gQm Tc allows for the administration of high radiation 

counts, since the biological dose is relatively small when 

integrated over the fairly short time it is emitted. The absenoe 

of any concomitant Ly- or p-radiation also represents an advantage 

over other isotopes and together these features allow for the 

repetition of diagnostic scans as needed. While a portion of the 

technetium may remain in body tissues for considerable periods, the 

daughter isotope, 99 To, emits only p-radiation with a maximum 

energy of 292 KeV and, owing to its Long half-life, the additional 

radiation dose from the residual 99 TC is essentially negligible. 

The "technetium-generator" oontains 1QQMo0412- adsorbed at the 

top of a lead-shielded alumina ion-exchange column. The "MO 

decays with a 67 hr half-life by p--emission to give [ QQmTo04]-. 

Owing to the difference in charges between the molybdate and 

pertechnetate ions, only the latter elutes from the column with 

physiological saline solution (0.15 M NaCl). Since the QQmTo 

undergoes further decay to "To, the eluant contains both nuolldes. 

The activity of the eluant and the relative quantities of QQmTo and 
99 Tc depend on the age of the column and the period of time sinoe 

it was previously "milked". Total technetium concentrations in the 

eluant are variable, but are usually in the range 10 -8 to 1o-6 M 

[12 1. The minimum quantity of pure 99m TC necessary for adequate 

imaging is on the order of a few nanograms, so that even with 

several times this amount of 99 Tc present, the chemical toxicity is 

negligible. 

Instrumentation. Thick thallium-activated sodium iodide 

crystals are of sufficiently high density to absorb a significant 

fraction of r-radiation below 500 KeV. Absorption of the radiation 
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results in ejection of a core electron, which imparts its kinetic 

energy to the crystal matrix. The resulting emission of light 

photons is directly proportional to the number and energies of the 

incident r-rays. The light energy is then converted by a 

photomultiplier tube or photodiode into an electrical pulse 

proportional to the amount of light produced, which is then 

converted into a graphical display. The area monitored by the 

crystal is inversely proportional to the length of the collimator, 

while the resolution of the display is directly proportional to it. 

Imaging thyroids, which are small, easily located organs near the 

surface is done with a high-resolution collimator focusing on a 

single, wide crystal. Large organs, such as kidneys, which may 

vary in location, are best studied through an array of smaller 

crystals each with relatively short collimator [13 1. 

Rectilinear scanners use large NaI(T1) crystals 2 inches thick 

and 3-8 inches in diameter with focused collimators, which may be 

changed to focus at different depths within the body. The detector 

is moved in a back-and-forth rectilinear raster path over the area 

of interest to produce the desired image (see Figure 1). Dual or 

quadruple detector heads may be employed to decrease scanning time 

and Anger-type scintillation cameras (see below) employing crystal 

arrays have been developed. The electrical pulse from the 

photodetectors is fed to a graphical display device or a cathode 

ray tube to expose x-ray film for a permanent record. 

Anger cameras are now used to perform most of the high- 

resolution and rapid-scan studies in nuclear medicine. These 

consist of an array of NaI(T1) detectors, each having a single-hole 

collimator. This array is sufficiently wide to cover the width of 

the body and moving the array from head to toe provides a whole- 

body scan. Intensity data is recorded according to the position of 

Fig. l(sEEcPECSIT!E) 

A Schematic diagram of a simple rectilinear scanner showing 

raster scan. The detector output moderates a beam of light, whose 

movement is synchronized with that of the detector and paints the 

image onto photographic film. 

B An array of 5 detectors each of which focuses on a narrow 

rectangular area. By producing a 5 line scan in alternating 

directions with each pass, less time is required to complete the 

image. 
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the detector in the array and the position of the moving array, so 

that a complete two-dimensional picture results. The integrated 

data are displayed directly on an oscilloscope or stored in digital 

form. 

Cameras consisting of a rectangular array of small area NaI(T1) 

crystals each connected by light pipes to two photon counting 

devices (one for the row and column of the detector in the array) 

offer higher resolution and more rapid acquisition times by virtue 

of the parallel processing simultaneous events F14 I. A relatively 

recent instrument utilizes a mosaic array of over 2,500 CsI(T1) 

crystals layered on an image intensifier consisting of a 

photocathode face, which emits electrons upon exposure to 

scintillation events. The electrons are accelerated and focused 

before striking a phosphor screen, which is then photographed. 

Direct transduction of the emitted photon to an electrical pulse is 

possible with Si, Ge(Li), or CdTe semiconductor detectors, which 

efficiently discriminate against scattered photons and background 

events by providing better energy and spatial resolution. 

Single photon emission computed tomographic (SPECT) scanners, 

which generate sectional slices of the variation in radioactivity 

throughout the body, are now available. Imaging selected planes 

within the subject makes lesions more obvious, separates them from 

the radioactivity of superficial structures, and gives information 

about their depth [11,15 1. The resolution and sensitivity of the 

method is highly dependent on the design of the collimators and the 

geometry of the detector array. However, for areas, such as the 

head, which can be easily surrounded by the detector array, 99mTc_ 

SPECT has the potential for providing the high resolution rapid 

scanning necessary in handling trauma cases and for visualizing 

abnormalities in blood flow to the brain. 

Synthetic Methods. Since ggm Tc is supplied from the technetium 

generator as aqueous [ggmTf3041-, all synthetic methods used in 

nuclear medicine must begin with this tetrahedral, do ion. The 

concentrations of [TcO+l- available may be as high as the 

micromolar range, so that syntheses developed with milligrams of 

starting material are potentially transferrable to the clinical 

setting [121. Most chemical characterization is carried out on 
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compounds prepared with milligram quantities of the much more 

stable “T,(3. 

The energy of the p-rays emmitted by "Tc are almost twice as 

energetic as those from 14C (156 KeV) but less so than 32P (1,710 

KeV), which are both commonly handled (in smaller amounts) in 

normal biochemistry laboratories. The p-emission from milligram 

quantities of " TC is effectively stopped by solutions and normal 

laboratory glassware, and the soft x-ray radiation (Bremsstrahlung) 

resulting from stopping the p-ray is not a significant problem. 

The specific activity of 99 Tc is 17 mCi/g. Assumming the handling 

of 100 mg quantities of the commercially available NK4[Tc041 El6 I, 

most university licenses would require only that the work be done 

on a disposable surface in a marked hood with appropriate 

protective clothing, a personal dose meter and geiger counter. In 

addition, the handling of gram quantities generally necessitates a 

restricted single-use area, lucite shielding, periodic radiation 

surveys and a check of the user after operations. With the 

exception of the lucite shielding, it is the author's opinion that 

the more stringent requirements should always be followed, with 

particular care taken to prevent possible ingestion, which may 

unsuspectedly arise from vapors or small air-borne particles 

containing "Tc. Finally, owing to the long half-life of 99 Tc, any 

surface not easily freed of radioactivity will always remain 

contaminated. Syntheses and animal studies using 99m TC require a 

minimum of the stricter requirements and significant lead 

shielding. 

Any synthetic procedure expected to be useful in a clinical 

setting must fulfill fairly constringent requisites. The synthesis 

must start from low8 to lo+ M solutions of ITc041- in 

physiological saline. The reagents and the injectable product must 

be sterile and nontoxic. Since side products generally interfere 

with the desired image, the reaction should yield a radiochemically 

pure product. Owing to the short half life, the synthesis must be 

complete within a few hours. Moreover, since the procedure is 

usually carried out by nuclear medical technologists with 

relatively little training in chemistry, using transfer and 

reaotion vessels surrounded with heavy lead shielding, the 

synthesis should be extraordinarily simple. 5 



Most ggm Tc-radioscintigraphic agents employ reduced oxidation 

states; however, the pertechnetate ion itself has been used for 

brain and thyroid imaging. In the absence of reducing agents, 

pertechnetate ion is quite stable in aqueous solution. While it 

can add halides and some nitrogen ligands [17 '18 ,19 ,20 ,21 ,22 1 

to form complexes such as IC103Tcl and [03Cl(bipy)Tcl, it usually 

binds only through electrostatic interactions. In general, 

coordination is accomplished upon reduction of pertechnetate in the 

presence of a good complexing agent. Unreacted pertechnetate often 

persists in radioscintigraphio preparations and in the presence of 

oxygen can also result from autoradiation-induced decomposition of 

ggmTc-radiopharmaceuticals /23 1. The brown-black, insoluble Tc2S7 

can be precipitated from acidic pertechnetate solutions by H2S. but 

is often contaminated with elementary sulfur [24 1 f In colloidal 

form Tc2S7 is used for imaging the reticuloendothilial system. 

Attaining Lower Tc Oxidation States. Pertechnetate is a 

relatively mild oxidant (E" = 0.738 V> and is initially reduced by 

a single-electron step to ITc0412- [25 ,26 ,27 ,28 1. In the 

absence of high acid concentration or good complexing agents, a 

hydrated, insoluble oxide, Tc020xH20, is rapidly formed and this 

"thermodynamic sink" is a nemesis in the development of synthetic 

methods for desireable new technetium compounds in aqueous 

solution. Srivastava and Richards have recently discussed the 

relative merits of a variety of reductants that have been 

prominently used in the synthesis of technetium complexes [8,29 3. 

Simplified reagent (I kits", which involve injecting the 

generator eluant into a sterile reaction vial containing the 

reductant and complexing agent, are normally employed in the 

clinical setting. Tin(I1) compounds or electrochemically generated 

%12+ have proven to be the most reliable reductants in these 

convenient commercial reactors [Sl. The choice of a reductant can 

be difficult, since it must react rapidly and completely and not 

interfere with the biodistribution of the resulting technetium 

complex. Many organic reductants tend to work slowly or only at 

high pH, which promotes hydrolysis of reduced technetium species 

and the formation of Tc02 [81. Metal ions have the advantage of 

being fairly rapid reductants, but have been known to be 

incorporated into the radiopharmaceutical or hydrolyze, precipitate 
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and thereby trap some of the QQm Tc, making it unsuitable for the 

desired imaging procedure. It has been suggested that Sn(I1) can 

affect biodistribution [30 3 by enhancing the binding of some 

technetium complexes to liver or kidney enzymes 131 1 and possibly 

alter membrane permeability in kidneys [32 1. The molecular 

structure of [Tc(DMG),SnC1,(0H)1~3H20 (DMG = dimethylglyoxime) 

clearly shows that Sn(II1 can be incorporated into technetium 

complexes prepared by stannous reduction of [TcOql- [33 I. 

Deutsch has recently pointed out that the most likely kinetic 

situation in the formation of radiopharmaceuticals from pre- 

prepared "kits" is that the other reactants are present in 

sufficient excess so that the reaction is pseudo-first order in the 

metal ion. As a result, the time taken for the reaction to be 

essentially complete is a function only of the pseudo-first order 

rate constant and not of the metal ion concentration. In this 

case, chemistry developed with larger-scale quantities of 99 Tc is 

directly applicable to 99m TC radiopharmaceuticals. The same is 

true for the less-likely case of zero-order kinetics; however, when 

second or higher order kinetics hold, the half-life of the reaction 

is inversely proportional to the technetium concentration. In 

these instances, the desired reaction may proceed too slowly with 

respect to the half life of the nuclide or other undesireable 

first-order reactions. Conversely, if the second-order reaction is 

undesireable. it may decrease the yield of the imaging agent when 

significant amounts of 99 Tc are present in the generator eluant to 

increase the total technetium conoentration [Sl. 

with the exception of the To(W)-nitrido complexes (see below), 

the Tc(VI) oxidation state is generally unstable in water. A 

stable, trigonal prismatic complex, [(cSH~NHS)~TCI, has been 

described; however, its EPR spectrum indicates the odd electron to 

be localized mainly on the ligand [34 ,35 1. 0x0 Tc(V1) species, 

such as [OCl5Tcl-. can be prepared by the reduction of [Tc041- with 

H2S04/HC1, SOC12 or POC13 and exhibit strongly coupled EPR spectra 

with pronounced spin-orbit coupling, when stabilized in aoidic 

media [36 I. 

The initial reduction of [Tc041- more commonly proceeds by two 

electrons to yield oxotechnetium(V) ions. This can occur through 
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oxygen atom transfer to a reductant such as a stannous complex, a 

phosphine or an arsine. The preparation of the technetium(I) 

complex, [(MeO)3P)6Tcl+, by heating excess P(OMe)3 in a methanolic 

solution with Na[TcO41 demonstrates the powerful reductive action 

of trimethylphosphite on an 0x0 species [37 3. In a Tc(V)/Tc(III) 

system employing [OC12(HBpy~3)Tcl (where ~3~~23 = hydrotris(l- 

pyrazolyl)borate) and triphenylphosphine the complex 

COC12(Ph,PO)(HBpyz3)Tcl was isolated as an intermediate, with the 

triphenylphosphito ligand being easily displaced by Ph3P or 

pyridine [38 1. Since in attaining Tc(V) from Tc(VI1) a maximum of 

one oxygen atom can be displaced by 0x0 transfer to the reductant, 

the other oxygens must be removed by proton addition to form water. 

In the reaction of [Tc041- or no carrier added [ ggmTcOq 3 - with 

cold, concentrated HCl a yellow species thought to be fac- 

103C13Tc12- is initially formed, which then rapidly oxidizes 

chloride to produce chlorine and the green, LOC14Tc v - [2,39 1. 1 

This complex [40 ,41 1 and the bromo L42 I and iodo [43 1 analogs 

represent useful synthetic starting materials even at the carrier- 

free level. At neutral pH they all undergo rapid hydrolysis and 

disproportionation to give [Tc041- and TcOZ. 

Chemistry of Lower Valent States. Several coordination 

geometries have been observed with Tc(fII), Tc(IV) and To(V). In 

the Tc(V) oxidation state mono- and dioxo-ions are prominent in 

aqueous media. In general the [Tc=O13+ core is present in 

complexes containing n--donor ligands in the equatorial plane, while 

the trans-dioxotechnetium(V) moiety obtains with n-acceptox ligands 

or ligands that do not form n-bonds [2,6,9,101. A number of 

square-pyramidal compounds are now known with apical oxygens and 

halide, sulfur or oxygen equatorial ligands (see Figure 2) 144 I. 

These complexes exhibit fairly short Tc-0 bond distances (with an 

average of 1.65 A) indicating at least partial triple bonding 

involving the dn-orbitals. Such monopolization of metal bonding 

orbital6 produces a pronounced trans-effect. Nitrogen and oxygen 

chelating groups may force coordination opposite an 0x0 ligand with 

a resulting distorted geometry in which the ligand trans to the 0x0 

exhibits a lengthened bond to the technetium [45 3. Coordination 

of water, chloride 146 1 and alcoholate [47 1 groups have also been 

observed trans to the 0x0, and their ability to function as x- 

donors may diminish the 0x0 trans-effect. Partly as a result of x- 
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Fig. 2 Structure of bis(2-mercaptoethanolato)oxotechnetate [44l. 

Fig. 3Structure of af-dibromo-b-ethoxo-d-oxo-ce-bis(4-nitropyridine) 

technetium(V) [4’11. 
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interactions, water or alcohol molecules added at the trans- 

position are easily deprotonated to hydroxide or alcoholates (see 

Figure 3) [461. Hydroxide most frequently undergoes a second 

deprotonation to yield the 0x0 ligand. The equilkbrium constant 

fox adding a chloride tsans to the 0x0 in [OCL4Tcl- is 0.6 and 

EXAFS studies reveal that this is held at a slightly longer bond 

distance (2.50 A) than the cis chlorides (2.36 A) [48 1. 

Complexes with mono- and bidentate nitrogen and Oxygen ligands 

are usually nominally octahedral with the oxygens opposite one 

another at a typical Tc=O bond distance of 1.75 A (see Figure 4)[49 

,50 ,51 ,52 I. The ITc=Ol3* and 10=Tc=Olt cores are readily 

distinguished on the basis of their infrared stretching 

frequencies, which occur at 930-1020 cm -' for the former and 790- 

860 cm-l for the latter. Owing to a strong tetragonal distortion 

of the ligand field exerted by the 0x0 group, these compounds are 

usually diamagnetic with the two d-electrons being paired in the 

d 
xY 

orbital. When no steric or trans-effects are operating, the 

average To(V)-N single bond distance is 2.15 A, By analogy to a 

structurally characterized rhenium apnalog [53 1, a binuclear 

complex with diethyldithiocarbamate is thought to contain a linear 

EO=Tc-0-Tc=014+ core [2,54 I. 

Nitrido complexes bearing structural analogies to the 0x0 

species have also been reported [55 ,56 3. The strong x-aoceptor 

properties of the nitride appear to promote the binding of 

relatively "soft" ligands such as dithiocarbamates and phosphines. 

The compounds are usually prepared by hydrazine reduction of 

[Tc041- in dilute HCl followed by addition of the phosphine ligand 

after adjusting to neutral PH. This versatile method provides for 

series of complexes in which characteristics such as lipophilicity 

can be systematically varied [57 I. Interestingly the use of 

formamidinesulphinic acid as the reductant in the presence of 

Na[S2CNEt21 results in the carbonyl complex [(CO>(EtzNCS2)3Tcl. 

The TclN bond lengths are normally around 1.61 A and the Tc=N 

stretching frequencies in the range 1000-1110 cm -' E58 1. Similar 

to the complexes with the LO-Tc]+ core, nitrido complexes can 

accept a ligand trans to the nitride under suitable conditions 

[59 1. 
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The Tc=N bond is sufficiently strong that it survives oxidation 

to Tc(V1) and even Te(VII). The complex [NBT~TCI- is readily 

prepared from [Tc04]- and sodium azide in HBr and along with the 

corresponding chloro species promises to be a useful starting 

material for the synthesis of Tc(VI)-nitrido complexes. These 

complexes exhibit ideal C4v symmetry with average TCGN distances of 

1.588 A. The ERR spectra of nitrido Tc(VI) complexes exhibit 

strong coupling to the 99 Tc nucleus and pronounced spin-orbit 

coupling [60 1. The reaction of either disulfur dichloride or 

thionyl chloride with [N(Et2NCS2)2Tcl yields a seven-coordinate 

thionitrosyl Tc(III) complex, [(SN)Cl,(Et,NCS2)2Tcl. Structural 

analysis shows linear Tc=N=S bonding with a TC=N distance of 1.75 A 

and a N=S bond length of 1.52 A, indicating that the thionitrosyl 

group is a three-electron donor with a formal positive chargeL I. 

Relatively few mechanistic studies on the formation of 

technetium complexes have been carried out; however, the kinetics 

of substituting 1,2-dithiols onto [OCl4Tcl- and the analogous 

catecholato and ethyleneglycolato complexes in methanol demonstrate 

that the mechanism and the final products of these reactions are 

quite sensitive to the structure of the incoming ligand [62 I. 

Addition of the dithiolate to the catecholato complex involves a 

monomeric intermediate apparently containing one sulfur ligand, 

while reactions with the ethyleneglyoolato species proceed to the 

final product, Eo(scH,cH,s),TcI-, apparently without formation of 

an intermediate. 

Substitution onto the tetrachloro complex proceeds through a 

noncentrosymmetric binuclear complex, L(TcO)~(SCH~CH~S)~I, in which 

both oxotechnetium ions are square pyramidal, but are canted 

relative to one another by almost 90'. One Tc is chelated by a 

single dithiolate and is bridged by the sulfurs of two other 

dithiolates to the second Tc, which also holds the two remaining 

sulfur atoms [63 I. Use of an acetamidomethyl-protected I,Z- 

ethandithiol or 1,3_propanedithiol in methanol resulted in 

cessation of the reaction once the binuclear intermediate was 

formed, suggesting that steric hindrance prevents the approach of 

this ligand to the open sixth position at either To. Conversely, 

3,4_toluenedithiol reacted directly to yield the monomer 

[O(CH3C6H3S2)2Tcl-. 
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Formation of the complex trans-[02(oyclam)Tolt[64 ,65 I (where 

cyclam = 1,4,8,11-tetraazooyclotetradecane) proceeds with 

surprising speed considering that the technetium must be inserted 

into a macrocyclic ligand 166 3. One possible mechanism which 

would acoount for this is that the reaction proceeds through an 

intermediate involving [Tc=O13+ or [o=T~-oH~~~+. Since all the 

oxo-Tc(V) cores are spin-paired d2 ions, there is minimal crystal 

field activation energy to equatorial substitution 151. Either 

intermediate would allow initial attack at the position trans to 

the 0x0, which would then place the nitrogens in a favorable 

position to sequentially substitute for each of the equatorial 

ligands. Owing to the trans effect of the 0x0. the initially 

attached nitrogen would soon be labilized and reattach in an 

equatorial position. Finally, conversion to the trans-[O-Tc=Ol 

core is easily effected by water addition at the site tram to the 

0x0 followed by rapid deprotonation to a second 0x0 ligand. 

At least partly owing to the crystal field stabilization energy 

accruing to d3 ions, Tc(IV) complexes are most commonly octahedral. 

Their effective magnetic moments are generally in the range 

expected on a spin-only basis, between 3.6 and 4.1~ L6.91. 

Complexes with halides or pseudo halides are radidly hydrolyzed to 

TcO2 in water unless stabilized by strong acids. With the 

exception of the thiocyanide complex, single-electron reduction 

usually results in the ligand loss [67 ,68 ,69 ,70 ,71 1. 

Technetium(II1) is a readily accessible oxidation state and has 

been shown to complex with a variety of ligands in several 

coordination geometries. In general, To(III) appears to require 

the presence of good *-acceptor ligands such as carbon monoxide or 

triphenylphosphines for stabilization. The octahedral oompound 

mer-[C13(Me2PhP)Tcl (where Me = methyl and Ph = phenyl) is possible 

through the reaction of (NH4)2tTcC161 with dimethylphenylphosphine 

in absolute ethanol [72 1. Carbon monoxide reacts with this 

compound in refluxing ethanol to give [C1,(C0)(PMe2Ph),To1, a seven 

ooordinate. capped-octahedral aomplex with Cav symmetry 173 1. 

This compound has the carbonyl residing in the center of the three 

phosphine groups to form the capped octahedral face and the 

chlorides comprising the uncapped face. The metal-ligand bond 

lengths are: To-C, 1.86 A; To-P, 2.44 A and Tc-Cl 2.48 A. 
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The structure of trans-[C12(diars)2Tcli (where diars = o-~ 

phenylenebis(dimethylarsine)) is representative of a class of 

Tc(III) complexes with diphosphine and diarsine ligands. In this 

compound the technetium ion exhibits ideal Dab symmetry with a mean 

Tc-As distance of 2.512 A and an average Tc-Cl length of 2.322 A[74 

,75 1. A dinitrogen complex, [N,(Diphos)2Tc(III~l, has been made 

from [C14(diphos)2Tcl by reduction with 2% sodium amalgam in 

benzene under nitrogen L76 3. 

The hexakisthiourea complex decomposes in water but is stable 

in alcohol and has proven to be a useful synthetic starting 

material. It is easily made from thiourea and [04Tcl- in 

HCl/ethanol or HBF4/ethanol. A structure determination of 

[Tc(SC(NH~)~~C~~~~H~O yielded an average Tc-S bond distance of 2.43 

A. The compounds [C12(diphos)2TclCl, (where diphos = 

bis(diphenylphosphine)ethane), a hexakis isocyanide complex, 

[6(3(C~3)C~C)T~JPP6, and a hexakis trimethylphosphite species, 

I&(CH30)P)T&'Fg, have been prepared from the thiourea complex by 

refluxing in methanol with the appropriate ligand [77 1. Complexes 

with analogs of the type, Ph-C-O-CH-C=S-Ph. have also been readily 

synthesized from the thiourea species [78 I. 

Organ Imaging with -c Radiopharmaceuticals. 

A wide variety of technetium compounds are Used to image 

various organs. Unlike NMR, CAT scanning or ultrasonic imaging, 

which are often superior for the delineation of anatomic detail, 

radioscintigraphy reveals not only the structure of the organ but 

also aspects of its physiological function. Computer manipulation 

provides for a convenient, reproducible method of background 

correction, the extraction of quantitative data, and a graphic 

display of the results. This visualization of the metabolism or 

clearance of a radiopharmaceutical in real time quickly provides 

the clinician with clear evidence of the ability of the organ to 

carry out its function. Selective 99m Tc-imaging 

radiopharmaceuticals tend to fall into four broad categories: 1) 

agents which localize in particular tissues by virtue of their 

properties as transition metal complexes, 2) proteins or 

macromolecules on which the 99m To-label represents a minor 

perturbation so that they accumulate in organs according to the 

biological distribution of the macromolecule, 3) 99m Tc-tagged 



colloidal particles, which (depending on their size) are removed by 

the lymph nodes, the reticuloendothelial system (liver, spleen and 

bone marrow> or trapped in blood capillaries, 4) whole blood cells 

incorporated with 99m Tc, which are used for vascular, cardiac and 

hematological studies. 

Renal Imaging. Currently several good renal-imaging agents are 

available for both anatomical and functional studies of the kidney. 

The performance of the kidney depends upon its ability to carry out 

its three interelated excretory, regulatory and endocrine 

functions. While the anatomical structure of the kidney can be 

determined in significant detail using x-rays, computer assisted x- 

ray tomography (CAT scans) or ultrasound, it's excretory function 

is most easily assessed by radioscintigraphy. Since the 

elimination of small ionic radioscintigraphic agents from the blood 

is readily monitored by sequential camera images, computer assisted 

processing of dynamic renal function images provides direot 

information on the renal blood flow, the glomerular filtration 

rate, and assessment of the functional renal mass. Quantitation of 

these paramaters yields valuable diagnostic aids, which can be 

particularly valuable in evaluating kidney transplants [Y'S 1. 

In designing new radiopharmaceuticals for kidney imaging it is 

important to aim for rapid and homogeneous distribution throughout 

the kidney before significant accumulation occurs in the ureters 

and the lower part of the kidney. This provides for better 

oontrast in visualizing the organ so as to yield detailed 

information concerning the integrity of the renal parenchyma 

(function cells as opposed to support tissue). A significant 

problem encountered is the existence of different excretory 

pathways, each of which may have several components. While larger, 

more lipophilic compounds are preferentially removed by the liver, 

smaller, more polar compounds are apt to be eliminated by the 

kidneys, and many oompounds are eliminated by both. The ideal 

agent should be eliminated by the kidneys alone. 

The kidney nephrons are responsible for filtering small 

compounds from larger proteins, reabsorbing water and other 

necessary components and finally secreting the waste products. The 

first of these processes involves ultrafiltration of the blood in 
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the glomerulus. This process can be quantitated by measuring the 

rate of renal clearance of a freely filterable substance, which is 

physiologically inert and neither secreted nor absorbed by the 

renal tubules. Tubular secretion can proceed by both active and 

passive mechanisms, the former having a definite limit on its 

cap&city and the latter being dependent only on the blood 

concentration or potential gradient across the tubule. For 

example, many organic acids and bases are actively secreted by the 

proximal tubules and may also undergo some passive tubular 

reabsorption dependent on their pKa's, lipid solubility, and pH of 

the tubular fluid [781. The renal tubules possess heavy metal 

binding sites involving thiol or disulfide groups. As a result, 

radiopharmaceutical binding at these sites can provide a good 

picture of the morphology of the organ. 

The renogram, which consists of a plot of radioactivity 

localized within the kidney as a function of time, is a useful tool 

in assessing renal function. A typical renogram employs a bolus 

injection of the radiopharmaceutical with sequential images of the 

kidneys taken every minute for 30-60 min, depending upon how 

rapidly the agent is excreted. In cases of deteriorating renal 

function comparison of individual renograms will provide an 

assessment of the relative performance of each kidney. The amount 

of activity (above background) accumulated by each kidney (while 

the amount of radioactivity in the blood is relatively stable but 

before it ha6 accumulated significantly in the lower collecting 

system) divided by the sum of activity in both kidneys is the 

amount of function contributed by that kidney. If the abnormal 

kidney retains at least 10-2556 of the function or if its 

contribution is essential to keep the patient off dialysis, then 

restorative surgery, rather than a nephrectomy is indicated [80 1. 

Another measure of kidney performance is the "effective renal 

plasma flow" (ERPF), which is defined as the product of the renal 

plasma flow times the extraction efficiency and is taken to be the 

area under the activity versus time curve for one minute beginning 

at a specified time after injection dependent on the 

radiopharmaceutical used. The time taken to reach maximal activity 

within the kidney and to complete excretion of the agent (or the 

half-time for this process) varies with the imaging agent, but 
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should be similar for both kidneys. If the agent is eliminated 

essentially by glomerular filtration alone, then similar parameters 

are used to define the glomerular filtration rate (GFR) of the 

kidneys. A recent measure uses the percent of the total 

administered dose of radioactivity that appears in the kidneys at a 

specified interval after the injection [81 I. With the exception 

of acute renal obstruction, which is immediately evident from the 

renal scans, none of these parameters alone constitutes a 

diagnostic basis for a specific renal disease. 

Since pertechnetate ion is effectively reabsorbed by the 

tubules, it cannot be used measure the glomerular filtration rate: 

however, it has been extensively used to determine blood flow to 

the kidneys. The first technetium radiopharmaceutioal with 

reasonably good kidney specificity was a mixture in which 

pertechnetate was reduced with ascorbate catalyzed by iron [82 1. 

A variety of sugars (mannitol, inulin, sorbitol [83 I), 

hydroxylated carboxylic acids (gluconate [84 1, mannonate, oitrate 

[85 I, glucoheptonate 186 I) and chelating agents (EDTA I8'7 I, DTPA 

188 ,89 ,90 I, dimercaptosuccinic aoid (DMSA) 191 I, penicillamine 

[92 ,93 1, dimercaptopropanesulphonate 194 ,95 I, and N,N'- 

bis(mercaptoacetamido)ethylenediamine 196 ,97 ,98 ,99 1, have since 

been shown to have utility for renal scans. Few of these have been 

well characterized and some are mixtures of several 99mTc_ 

complexes; however, structural data is now beginning to be 

available. The most widely used agents involve DTPA. 

glucoheptonate (see Figure 5) and DMSA [83. 

In the blood, the penioillamine complex is largely protein 

bound and is consequently taken into the renal cortex and excreted 

only very slowly in the urine. It yields high kidney-to-background 

images and its accumulation in the kidneys correlates well with 

differential inulin clearance and with the ERPF. The complex can 

exist in two diastereomeric forms, when prepared from [OC14TcVl- 

and raoemic penicillamine in ooncentrated HCl [X00 1. A orystal 

structure of the form prepared with D-penicillamine alone reveals 

an octahedral oomplex containing the [Tc=O13' core with two 

penicillamine ligands (see Figure 6). One is bidentate with sulfur 

and nitrogen coordination cis to the 0x0. while the other is 

tridentate with cis ooordination of the thiolate and amine and the 
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Fig. 5 Renal image revealing kidney masses taken 10 min. 

after injection with 99m Tc-glucoheptonate complex. 

(Courtesy, DuPont, NBN Products). 

Fig. 6 Structure Of l-0x0-2,3,6-(D- penioillaminato-N,S,O)-4,5-(D- 
penicillaminato-N.S)technetium(V) Lloll. 
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carboxylate binding trans to the 0x0. Owing to the method of 

preparation, the molecule is neutral with the free oarboxyl group 

protonated. However, deprotonation of this site above pH 3.0 

undoubtedly contributes to its water solubility. Its diastereomer 

occurs when both a D- and L-penicillamine are coordinated. Since 

the carboxylate on either enantiomer can be coordinated, two 

complexes are possible [lo1 1. While this generates an 

enantiomerio pair, carboxylate exchange is facilitated by the trans 

effect of the 0x0 ligand. Consequently, enantiomeric 

interconversion is sufficiently rapid that an effective plane of 

symmetry results yielding a fluxional molecule on the NMR time 

scale at room temperature. It is possible that this rapidly 

exchanging site provides the initial coordinating position for the 

complex to become protein bound and so may be partly responsible 

for its mode of renal clearance. A complex made with penicillamine 

ethyl ester was shown to be lipophilic with hepatobiliary uptake 

and able to enter red blood cells and bind internally [lo2 I. 

The ggm Tc-DTPA imaging agent is nearly quantitatively handled 

by the kidneys. It is filtered at the glomexulus almost 

exclusively with a single-pass efficiency of 20%. This feature has 

made it popular not only fox routine renal scanning, but also for 

quantitative measurements of renal function, especially 

determination of the GFR. Since it can be administered in large 

quantities, it has further been used for the semiquantitative 

analysis of ureter drainage. While no definitive structural 

studies on the DTPA complex have been made, structures are 

available on presumably closely related EDTA species. 

Slow bisulfite reduction of a warm solution HTcO+ in the 

presence of EDTA results in crystals formulated as I(H2EDTA)T~(p- 

0)2Tc(H2EDTA)I~5K20 on cooling [lo3 I. Sites opposite the bridging 

0x0 ligands axe occupied by amine nitrogens, while the two 

remaining positions are coordinated by carboxylates (see Figure 7). 

Two acetate fragments of each EDTA are not involved in ligation and 

hydrogen bond with waters of hydration. Given that the To-0-Tc 

bond angles are 75', it is possible that the bridges are actually 

hydroxyls, rather than 0x0 ligands. If this is the case, then the 

technetiums would be assigned as Tc(III) instead of Tc(IV). 

Unfortunately, there is no clear spectroscopic difference between 
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these two structures. The short Tc-Tc distance of 2.33 A suggests 

a bimetallic multiple bond. Determination of this as a double or 

triple bond depends on the correct assignment of the Tc oxidation 

states. An alternate synthesis involves the reduction of [Tc041- 

with NaHS03 in the presence of EDTA to yield a gold oomplex, 

presumed to be a Tc(II1) intermediate. Slow oxidation of the gold 

species with HZ02 followed by addition of HC104 yields an 

analytically pure product in 84% yield, while rapid oxidation 

produces a second, possibly mono-oxo bridged species, that slowly 

converts to the bis ll-oxo complex [104 1. 

A similar binuclear species with nitriloacetic acid (NTA) 

results from sulfur dioxide reduction of HTc04 at pH 2 and has been 

formulated as Na2~(NTA)Tc(~-O>,Tc(NTA)lo6H20. Each NTA is 

tetradentate on separate teohnetiums. The molecule has an inversion 

center with approximate C2h symmetry and a Tc-Tc separation of 

2.363 A (see Figure 81 [lo5 3. The reaction of K2LTcBr61 with NTA 

in 1 M HBr or the reduction of [Tc041- with Sn(I1) in the presence 

of NTA yielded two apparently oligomeric products: a red species, 

which analyzed as K2[O(NTA)Tc12 02H20 and a brown compound 

consistent with ~K3H2[Tc302(0H),(NTA)3~~6H201 [lo6 1. 

Monomeric Tc(V)-EDTA complexes are also possible. The reaction 

of (~-Bu~N)COCS~TC~ with H4EDTA in anhydrous DMSO produces 

[O(EDTA)TCI- in nearly quantitative yield [9,10,107 I. The barium 

salt has been crystallized and studied by x-ray crystallography 

(see Figure 91. In this compound each technetium atom is seven 

coordinate in a distorted pentagonal bipyramidal structure with two 

EDTA carboxylates occupying the axial sites and the other two 

carboxylates, the two amines and the 0x0 bound equatorially. Sinoe 

the two amine nitrogens are approximately opposite the 0x0 ligand, 

their bond distances to the To are somewhat lengthened (2.35 A) by 

the trans influence exerted by the oxygen 1101. Reaction of 

K2[ToBr6] in 0.1 M HBr yielded a product also suggested to oontain 

the [Tc=O13+ core, but with two pendant oarboyxlates cMeff = 1.53 

p, 0 = -54 K, VTc_O = 925 cm-11 ilO8 1. 

It has been suggested that DTPA forms both mono- and binuclear 

oomplexes upon reacting with [TcBr612-. The mononuclear species 

was formulated as H310(DTPA)Tcln2H20 cUeff = 2.4 p, e = -32 K, 
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"Tc=O 
= 920 cm-l). Titration indicated three uncoordinated 

carboxylates on the complex C1071. Heating micromolar solutions of 

this at neutral pH resulted in a brown product suggested to be 

[(DTPAJTc-o-Tc(DTPA)16 cpeff = 1.47 p, e = 0 K.) The exclusive 

glomerular filtration of the DTPA agent and its avoidance of 

tubular or protein binding is probably due to the chelating 

ligand's covering all possible coordination sites. In this respect 

it significantly differs from the penioillamine, DMSA and 

gluooheptonate species, while retaining the [Tc=013' core. The 

P= assoc for the presumably monomeric complex has been reported as 

26.3 [lo9 1. Unlike the ema complex (see below), the presence of 

the pendant carboxylates probably enhances its hydrophilicity and 

so minimizes its uptake by the bile. 

The complex [O(ema)Tcl- (ema = N,N'-ethylenebis(B- 

mercaptoacetimide) is formed virtually quantitatively from [Tc041- 

at both carrier (lo-5 M) and no carrier added (lo-6 M) levels. 

This and similar N2S2 chelates are extremely effective in 

sesquestering technetium and their in vivo stability makes them 

promising as renal imaging agents. Animal studies show the complex 

is rapidly cleared into the urine 1961. Significant excretion into 

the bile and feces also occurs without localization or reabsorption 

of the radioactivity. HPLC and mass spectrometry of the activity 

excreted into the urine reveals that the complex is eliminated 

intact and is not degraded to pextechnetate. Biodistribution is 

essentially the same at both the carrier-added and no-carrier added 

levels. 

Synthesis of the ema complex involves using the benzoyl 

derivative to protect the thiols, which is placed in 1 M NaOH to 

effect dissolution. Pexteohnetate is then added with sodium 

dithionite as the reductant and the mixture heated to boiling. 

Reverse phase HPLC (on a Cl8 oolumn eluted with a water/methanol 

gradient containing 5 mM tetra-n-butylammonium phosphate) and 

speotroscopic analysis showed no evidence of TcO2 formation and 

only a small amount of unreacted [Tc041-_ Field-desorption mass 

spectrsoopy (FDMS) revealed two peaks corresponding to an intact 

ion cationized by the addition of two protons (m/z = 321) and a 

weaker molecular oation peak (m/z =561), with the technetium ion's 

weight being determined at 319 [981. 
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An x-ray determination of the structure of the ion (see Figure 

10) shows it ta be square pyramidal with equatorial coordination to 

the two sulfur and two nitrogen atoms of the ema. The Tc=O bond 

length is 1.672 A, with the TC atom being 0.771 A above the plane 

of the ema ligand atoms. The ema moiety also exhibits some 

ruffling to accommodate the Tc. Since the prototype complex is 

also excreted by the bile and its urinary clearance is markedly 

affected by a depression of renal function, derivatives are now 

being developed and tested C971. Several isomers with respect to 

the location of the amide function have been prepared and are all 

quite stable in aqueous solution. The presence of the apical 

oxygen makes the methylene protons diastereotopic. When the 

methylene groups are adjacent to a carbonyl in a five-membered 

ring, they rapidly undergo highly stereospecific deuterium exchange 

in basic D20 [110 1. Carboxylate substitution on the ligand also 

results in epimers, one of which appears to have superior 

characteristics for renal imaging. The problem of stereoisomers 

has been obviated by replacing one sulfur with an effectively 

planar amid0 nitrogen. These triamide mercaptide complexes (NgS) 

such as [~(MAC,TCI~- (MAGI = mercaptoacetylglycylglycylglyCine~ are 

rapidly excreted in the urine and are likely to be employed 

clinically [ill I. 

The DMSA complex also probably posseses the basic square- 

pyramidal geometry with an apical oxygen and sulfurs in the basal 

plane. It is well suited for renal scanning and is also used to 

assess renal function. In the blood, the complex is substantially 

protein bound and so is not filtered by the glomerulus. Instead it 

is transferred from the efferent arteriole to the peritubular 

capillary. From the blood capillary it enters the tubule and 

becomes fixed, presumably to sulfide and sulfhyaryl sites on the 

tubular wall. Its maximum renal concentration, which is about half 

of the administered dose, is reached in 2-4 hrs. and almost all of 

this (96%) is localized in the renal cortex. Owing to this high 

degree of retention, it is optimal for imaging the morphology of 

the cortex. Renal scanning with QgmTc--DMSA provides a sensitive 

early indication of parenchymal scarring in children with 

pyelonephritic changes [112 I. Since its accumulation by the 

kidneys is proportional to the ERPF, it has also been used for 

renal functional evaluations. 
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Fig. 10 Structure of oxo[N,N'-ethylenebis(2-mercaptoacetimido~~Tc~V~ 

[QC'I. 

Fig. 11 Proposed structure of [O(gluooheptonate)2Tcl- [113, 2631. 
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The glucoheptonate complex enters the renal tubule by both 

filtration and secretion and exhibits about 25% binding to the 

tubule, with the remainder being excreted in the urine. Because of 

this distribution in its renal handling, it has not been useful for 

quantitative evaluations and has been restricted to morphological 

studies and the qualitative assessment of renal blood flow [SSI. 

The compound is prepared by Sn(I1) reduction of [Tc041- in the 

presence of a 25-molar excess of the ligand. It is quite stable at 

neutral pH, exhibits a weak visible absorbance at 502 nm ce= 65 M-1 
-1 

cm 1, and has a charge of -1. Job's plots have indicated two 

ligand molecules per Tc; however, more recent work suggests a 1:l 

ratio [2631. The infrared spectrum exhibits TcrO stretches at 930 
-1 and 970 cm . The similarity of the electronic spectra to that of 

the ethyleneglycol complex suggests suggest hydroxyl binding [63, 

2631 and evidence for this is also present in NMR [113 I. 

Presently, it is not clear whether the best formulation for the 

glucoheptonate complex at neutral pH is [O(gluco)2Tcl-. which is 

most likely square pyramidal involving diolato (see Figure 11) or 

olato and carboxylato coordination, or if a p-ox0 dinuclear species 

occurs with one glucoheptonate for each Tc. Coordination of water, 

hydroxyl or even a carboxylate group opposite the 0x0 is also 

possible and would provide additional stabilization. A pertinent 

diolato comparison structure is that of the catecholato complex, 

which shows the Tc to be coordinated in a square pyramidal geometry 

with an average Tc-O(catecholato) distance of 1.954 A [631. 

Several studies have shown that bisthiolato complexes are 

easily prepared by ligand exchange from the Tc(V)-gluconate complex 

in alcohol or water/alcohol mixtures [114 ,115 ,116 1. Preparation 

of the 2,3-dimercaptopropanesulfonate complex in this manner 1621 

yielded a spectrum identical to that of [0(SCH2CH2S),T~1-. whose 

structure is of the typical square--pyramidal variety [117 3. Such 

reactions are certainly pH-dependent, since proton addition 

catalyzes the loss of alcoholate ligands. Similar substitutions 

involving protein thiolate groups may account for the partial 

binding of the glucoheptonate complex to renal tubules. Electro- 

phoresis of the products formed between [ggmToOgl~ and several 1,3- 

dimercapto ligands verifies the 1:2 stoichiometry, since reactions 

with two ligands present revealed a product distribution of L:2:1, 

with the new compound formed being twice as abundant as those 

formed in the presence of either ligand alone ills 1. 
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Bone Imaging Agents. The introduction in 1971 of DDmTc 

complexes of linear polyphosphates ushered in a new era for 

scintigraphic teohniques in nuclear medicine [119 I. Since only 

"F, 85Sr and 87m Sr had been available for bone imaging, this event 

greatly improved the quality of skeletal images. The early agents 

were expensive, with 18 F requiring a nearby cyclotron for synthesis 

and the strontium complexes giving a very high background. 

Drawbacks of the initial tripolyphosphate and polyphosphate agents 

derived from variations in chain lengths of the polyphosphate 

compounds and slow blood clearances El20 ,121 ,122 1. Complexes 

with pyrophosphate, which appeared to be the functional agent in 

the polyphosphate preparations,[l23 1 and ethane-l-hydroxy-l,l- 

diphosphonate (HEDP) 1124 1 were introduced shortly thereafter and 

exhibited superior imaging characteristics. Newer agents involving 

imidodiphosphate 1125 I, methylene diphosphonate (MDP),[126 I, and 

hydroxymethylene diphosphonate (HMDP) [127 I were more stable and 

so exhibited a more specific and reproducible biodistribution 

together with a more rapid blood clearance. These features 

provided a higher bone to background ratio and so improved image 

quality. Clinically used kits contain a mixture of SnC12. an 

antioxidant, such as sodium ascorbate, and the diphosphonate 

ligand. The efficacy of bone agents is profoundly sensitive to 

their conditions of preparation. Important factors are the 

technetium concentration, pH. concentration of the ligand, the 

ratio of ligand to tin and the amount of tin used [128 I. A range 

of products is often produced with most being oligomerio or 

polymeric. 

Phosphonate Ligads 

lo3P+Po314- to,P-cE,-Po,14- 

Pyrophosphate HDP 

ro&0314- to,p-Lo,14- 
h 

EMDP EEDP 

Radioscintigraphic bone imaging is extremely sensitive to 

localized abnormalities in the skeleton; however, since uptake of 

the agent usually depends on increased metabolic activity, it is 

fairly nonspecific as to the o&use of the uptake. For example, it 

is almost impossible to tell from a bone scan alone whether a 
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visible "hot spot" is due to an inflammatory infection, a 

microfracture, a primary bone cancer or a metastasized cancer 

[129 3. Pediatric patients, with rapidly growing bones and skulls, 

show increased uptake in the cranial sutures and intense 

accumulation in the epiphyses of the bones, which can obscure sites 

of infection or fracture. Because of these considerations, 

diagnostic accuracy is often improved by correlating the 

scintigraphic results with radiographic (x-ray) studies of the same 

area. This is particularly true in scans in the area of the pelvis 

because isotope accumul,ation in the bladder following renal 

excretion tends to obsure portions of this region Cl30 I. 

99m Tc-labeled sulfur colloid (see below) is a specific scanning 

agent for the early diagnosis of osteonecrosis. Since this agent 

is taken up by viable bone marrow, a unilateral deficiency of 

activity is indicative of decreased blood supply and implies the 

presence of osteonecrosis C1301. In its early stages this disease 

may also be indicated by a "cold" or photon-deficient area on a 
99m Tc-phoshponate bone scan. However, at a later stage, after 

revascularization and bone repair have started, the scan may show 

increased activity in the same area [131 I. 

Similar changes in bone scans may be evident in osteomyelitis, 

an infection of the soft, inner portion of the bone. Since 

incorporation of 99m Tc depends on blood flow to the affected area, 

accumulation will not occur at Localized sites of osteomyelitis 

around which thromboses have occured to block local capillaries and 

arteries. Conversely, the scan may show abnormal. activity after 

the infection has subsided and bone repair is progressing [132 1. 

Bone scans are very effective in localizing occult osteomyelitis, 

which may be the source of fever of unknown origin in infants, or 

detecting this disease in drug abusers, who frequently have unusual 

sites of skeletal infections [1301. 

Radioscintigraphs are often performed when radiographs are 

negative, but it is clinically suspected that a fracture is 

present. The uptake of 99m Tc-bone agents increases with time in 

reoent fractures ana then slowly decreases as healing subsides. 

Bone scans are positive as soon as 7 hr after fracture and reveal 

60% of suspected stress fractures before radiographic signs are 
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present. Successive negative scans essentially preclude fracture 

as a diagnosis. Bone scanning is also useful in detecting 

mechanical loosening or infection after a total hip replacement, in 

the diagnosis of Paget's osteogenic sarcoma, and in evaluating the 

response of this disease to treatment [1301. Since bone agents are 

usually rapidly exoreted. the kidneys and bladder are routinely 

visualized and abornormalities of theae organs are often 

serendipitously discovered. Soft tissues may also show activity in 

areas where calcification is taking place [133 1. 

In substituting an aliphatic carbon for the oxygen bridge in 

pyrophosphate, the in vivo stability of the molecule is enhanced, 

since the array of body enzymes that rapidly hydrolyze the P-O-P 

backbone do not attack phosphonates. The phosphonate ligands 

retain a high affinity for calcium, even though they are already 

coordinated to technetium. The pyrophosphate and diphosphonate 

complexes are not specific for bone, but aooumulate wherever there 

is deposition of calcium phosphate. It has been suggested that 

diphosphonates in general, but especially HMDP and HEDP add to the 

rapidly growing faces of nascent hydroxyapatite crystals in bone 

[134 1. Since hydroxyapatite crystals grow rapidly along the o- 

axis, addition oocurs most readily at the 001 faces. As a result 

of rapid growth along the o-axis, the 001 faces gradually 

contribute less to the exposed surface of the crystal. Owing to 

their tridentate structure deriving from the two phosphates and the 

central hydroxyl, HMDP and HEDP are well suited to bind 

preferentially to the 001 faces, and so may be fairly specific for 

new bone relative to older bone whose 001 crystalline faces have 

been diminished (see Figure 12). 

The affinity of coordinated diphosphonate ligands for Ca2+ has 

been measured using a series of oomplexes, 

= [O,P-CRR'-PO,I~-) at pH 10. 

I(en)2(DP1Col- (where DP 

Assooiation constants for the 

ligands with R/R' combinations of H/H and H/OH were 1.8 x lo4 and 

2.4 x lo', respeotively Cl35 3. These values indicate that 

coordinated diphosphonate ligands exhibit considerable affinity for 

Ca2+ and that this is substantially enhanoed by the presence of the 

hydroxyl. Moreover, the ordering of affinities exactly parallels 

the ordering of skeletal uptake of the ggmTo MDP, HMDT and NEDP 

complexes. These results strengthen the supposition that these 
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ligands form a bridge between the Tc and Ca ions on the surface of 

hydroxyapatite. 

Diphosphonate ligands tend to form polymeric metal complexes 

and the ability of MDP to function as a doubly bidentate bridge is 

illustrated by the structure of a polymeric Tc-MDP complex in which 

the MDP bridges two Tc centers [136 1. When the diphosphonate has 

a central hydroxyl, it can also function as a bidentate-tridentate 

bridge between two metal ions. In the case of the bone-imaging 

agents, the Tc is probably bound to the terminal phosphates in a 

bidentate fashion, while the Ca 2+ on the crystal surface is bridged 

to the Tc in a tridentate manner by both the phosphates and the 

hydroxyl (see Figure 12) [137 1. In the single crystal structure 

of the To-diphosphonate complex, it is not clear if the metal 

exists as Tc(IV) or Tc(V); however, it is generally thought that 

Tc(IV) predominates in most agents. The compound has the empirical 

formula Li(H20),[Tc(0H>(MDP>1~1/3H20 and consists of infinite 

polymeric chains containing two symmetry related, six-coordinate To 

ions bridged by a hydroxyl and each coordinated by two symmetry 

related MDP ligands. The Tc-0 distances are all in the range 

expected for single bonds with the Tc-O(phosphate) bond lengths 

being between 1.96 A and 2.03 A and the Tc-O(hydroxy1) bond being 

1.912 A. 

HPLC analysis of the products of clinically used "kits", have 

shown them to be mixtures of several components [138 3. Reduction 

of 3 mM [TcO41- by sodium borohydride (rather than Sn2+) in the 

presence of HEDP resulted in a mixture of at least seven different 
99m Tc-HEDP complexes. However, when the reaction was run with no 

carrier added LgQmTc04 I-, essentially only one complex was evident 

[139 1. This suggest6 that oligomeric and polymeric species are 

being formed at the higher concentrations. Since polymer formation 

generally proceeds by higher-order kinetics, these reaotions are 

slow at the lower (no carrier added) concentrations, where monomer 

formation is favored. Owing to the similar size of Tc(IV) and 

Sn(IV) (0.65 A and 0.69 A, reSpectivelyj4, these tW0 iOnS Often 

form structurally similar complexes and it is likely that the 

polymers formed contain both tin and technetium 1140 1. 



The various species separated by HPLC exhibited differing 

levels of bone and soft tissue uptake. The first component eluted 

in this ohromatographic system showed the highest bone and lowest 

soft tissue uptake, while the last species eluted showed the lowest 

bone and highest soft tissue uptake. In general, a negative 

correlation exists between the "charge density" of the 

radiopharmaceutical as measured by the logarithm of its 

chromatographic retention time and its bone uptake. It may be that 

the negative charge on the complex (i.e. its polarity), determines 

both the strength of its ion-pairing with reverse-phase materials 

and its affinity for polar sites on the faces of hydroxyapatite 

crystals 1141 I. 

Hepatobiliarp Agents. The liver is the largest organ in the 

body and receives about 20% of the resting cardiac output. It 

provides a variety of metabolic functions including the removal of 

foreign bodies from the blood through phagocytic cells (Kupffer 

cells) situated along the lining of the hepatic sinusoids. The 

metabolic function occurs primarily in the parenchymal cells 

(hepatocytes), which comprise 60% of the liver cells and about 90% 

of the liver mass. Excretion into the bile is the most important 

elimination pathway and plays a major role in the removal of both 

ionic and neutral molecules over 300-500 but under about 5000 in 

molecular weight. Molecules comprised of a nonpolar moiety coupled 

to a highly polar side chain may resemble the bile salts, which are 

steroids linked to polar glycine or taurine residues. Some 

molecules are oxidized by the liver and/or conjugated to polar 

groups such as glucuronic acid, which provides a soluble species 

that can be excreted by the kidneys. Separate membrane-bound 

active-transport carriers exist in the hepatocytes for the intake 

of anions, cations, neutral molecules and bile salts. Bile may 

directly enter the duodenum or it may flow into the gallbladder, 

where it is concentrated, stored and subsequently passed into the 

intestines by gall bladder contraction [142 1. The clinical 

utility of hepatobiliary imaging agents is based on their ability 

to produce liver images which: a> reflect the distribution of 

functional hepatocytes, b) outline the biliary tract, and c) trace 

the pathway of bile flow ox leakage. Imaging techniques now insure 

that very few patients will be subjected to unnecessary exploratory 

abdominal surgery (laparotomy) in order to diagnose an hepatic 

disorder. 
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99m Tc-labeled sulfur colloids (discussed below) with sizes 

between 0.3-1.0 Um are rapidly taken in by the Kupffer cells. 

Imaging with these particulates is useful in delineating the 

morphology of the liver and may define varying degrees of liver 

injury following wounds to the abdomen [143 1. Hepatic imaging 

with radiocolloids is easily performed, exhibits a high sensitivity 

for the detection of liver disease, and is extremely effective in 

distinguishing between cirrhosis and metastases 1144 ,145 1. An 

inhibited hepatic reticuloendothelial system will result in a 

poorly imaged liver and may be evident in a variety of illnesses in 

which blood flow to the hepatic sinusoids, where the most efficient 

trapping of particles occurs, is disturbed. It has also recently 

been used to predict the response of hepatic cancer patients to 

chemotherapy injected directly into the hepatic artery. Since this 

chemotherapeutic technique is effective only if the drug is 

efficiently extracted on its first pass through the liver, an 

imaging technique which accurately reflects blood perfusion 

patterns through the liver provides a good indication of drug 

distribution and, hence, probable drug response [146 I. 

Hepatobiliary imaging agents should exhibit a high initial 

intake by the liver and rapid excretion into the bile. Since these 

agents are taken up by the liver via active transport into the 

hepatocytes, their uptake exhibits non-linear Michaelis-Menten 

profiles and may reach a saturation limit. The presence of other 

materials, such as bilirubin, which are transported by the same 

anion transport sites, can also inhibit the uptake of a given 

radiotracer. Quantitation of hepatooyte function is optimal in an 

agent whose uptake is independent of competing levels of blood 

bilirubin, which are often high in liver dysfunction E142.1431. 

In general, hepatobiliary imaging agents are lipophilic 

compounds with sufficient polarity to be water soluble. In the mid 

1950'S 131 I-rose bengal was developed as the first imaging agent 

for hepatic function and proved to be especially useful in 

differentiating between hepatocellular disease and bile duct 

obstruotion. However, since only relatively small doses could be 

employed, it was less than optimal for detecting biliary leakage 

[147 I. Replacements were sought which would provide for higher 

photon counts and more efficient clearance from the blood. While a 
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10 min 

30 min 

50 min 

Fig. 13b Hepatobiliary images at varying Lengths of time after 

injection revealing a partial common duct obstruction. 

(Courtesy, DuPont, NBN Products). 
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variety of 99m Tc-complexes were tried, 

serendipitously attained by Loberg and 

who were seeking a heart-imaging agent 

this goal was 

coworkers (see Figure 13) 

by developing analogs of the 

antiarhythmic drug, lidocaine, which was known to accumulate in the 

heart cl48 ,149 I. Some success was also met with complexes of 

pyridoxylidene glutamate and similar Schiff base ligands made with 

other amino acids [150 I. 

The original preparation of the Schiff base complexes involved 

heating the amino acid, pyridoxal and tQgmTc041- at pH 8. It has 

been suggested that the pyridoxal aldehyde group reduces the 

[Tc041- to Tc(IV) before Schiff base coordination occurs. The 

ligand presumably involves an imine link formed between the 

pyridoxal carbonyl and the amino group of the amino acid. Running 

the reaction in this manner produces several side products, 

including colloids [151 I. These materials have not been 

structurally characterized and some are excreted by the kidneys. 

An improved preparative method used Sn(I1) in the presence of 

ascorbate as the reductant and produced a single radiochemical 

product 1152 1. TLC, ion exchange and electrophoretic analysis 

analysis of the products formed using mixtures of 

pyridoxylideneisoleucine (PI) and pyridoxylideneglutamate (PG) in 

varying ratios 

[(PI)(PG)TcI-, 

are consistent with the formation of [(PI)2Tol, 

and [(PG)2rc12- (see Figure 14) [153 I. 

Structural 

base complexes 

Bu4Nl[OC14Tcl. 

studies have recently been performed on other Schiff 

synthesized by the additon of the ligand to [n- 

In the complex [O(H2O)(acac2en)Tcli (where aoac2en 
. 

= N.N'-ethylenebis(acetylacetone imine) 1 the Schiff base occupies 

the equatorial positions with an apical 0x0 trans to the water. 

The molecule trans-EOCl(sal2en)Tcl is similar, but with a chloride 

occupying the position opposite the 0x0 [45l. The Tc-0 bond 

distances are around 1.648 A and 1.626 A, in the two complexes, 

respectively, indicating partial triple bonding. The spectra of 

these complexes are solvent dependent, which probably reflects the 

presence of different solvent ligands occupying the site trans to 

the 0x0. In the structure of [OC1(Phsal)2Tcl (where Ph-sal = N- 

phenylsalicylideneimine), which was made by refluxing 

[AsPh4l[OCl4Tcl and the ligand in ethanol, the 0x0 and chloride are 

cis to one another. The Schiff base ligands are orthogonal to each 

other with a phenolic oxygen trans to the 0x0 ligand [154 1. 
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Necessary structural features of the pyridoxylidene liver 

imaging agents, which are not reflected in the above structures, 

are: a) a phenolic oxygen at the 3--position of the pyridoxal. b) an 

electron withdrawing group in the pyridoxal capable of extended 

conjugation, and c) an amino acid. The facile synthesis and the 

general stability of the Schiff-base complexes suggest that 

hepatobiliary uptake might be improved by increasing the 

lipophilicity of the ligand as measured by the n-octanol:water 

partition coefficient of the complex [155 I; however, it is not 

clear that this would offer any significant advantage over the 

widely used iminodiacetate complexes. 

Iminodiacetates (IDA's) are excellent sequestering agents and 

can be likened to "half an EDTA" in their chelating ability. The 

first complex involved the stannous reduction of ~ggmTcO,l- in the 

presence of dimethyl-HIDA (HIDA = 2,6-dimethylphenylcarbamoylmethyl 

iminodiacetic acid), which is structurally similar to lidocaine 

[156 I. The rate of complexation increases with increasing acidity 

and ligand concentration, but is independent of the SnCII) 

concentration. The free ligand is subject to rapid renal 

excretion, while the 99m Tc-complex is concentrated by the liver and 

is then excreted throught the hepatobiliary system [a57 I. 

Clinically used IDA complexes are quite stable and are excreted 

unmetabolized. A variety of IDA derivatives and analogs have now 

been evaluated for clinical use. In addition to having a size, 

polarity and molecular weight suitable for hepatobiliary uptake, 

essential features of 99m Tc-IDA complexes are: 

a) An amine-diacetate function (with an amine pKa around 6) 

for metal complexation. 

b) An electron withdrawing subsitutent on the p-carbon from the 

amine to modulate the basicity of the amine. 

c) A lipophilic group tethered at a substantial distance from 

the amine-diacetate. 

In the case of tethered phenyl groups (see Figure 15). ortho 

substitutents appear to affect hepatic uptake, while para groups 

seem to modulate binding to blood proteins. Increasing the bulk of 

the ortho substituents causes variations in the labeling rate, 

stability and the number of products formed [1481. These may be 

due to the formation of an intermediate complex, which is more 



slowly converted to the final product as the steric bulk of the 

ligand increases. Complexation kinetics are biphasic with a rapid 

ligand concentration-dependent initial phase being followed by a 
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slower concentration-independent reaction. Decreasing the basicity 

of the amine nitrogen by substitution of electron withdrawing 

groups such as the benzoyl moiety, results in unstable complexes 

[158 1. 

Hepatocyte uptake of 99m To-IDA complexes is inhibited by 

bromosulphthalein, bilirubin and taurocholate, which also inhibit 

uptake of 131 I-rose bengal; but cationic compounds show no 

inhibition. This suggests that the anionic compound6 are all 

subject to the same active transport mechanism. The dimethyl-HIDA 

derivative has the least hepatobiliary specificity, which improves 

on going to the diethyl derivative. The diisopropyl-HIDA complex 

has uptake kinetic6 similar to the diethyl derivative, but is more 

resistant to high serum bilirubin levels. The fraction of material 

excreted into the bile has been shown to be linearly related to its 

charge density, defined as the log of the molecular weight of a 

complex divided by the charge 1159 1. The para-butyl derivative 

is cleared more rapidly from the blood, but is excreted only slowly 

by the liver into the bile. A clinical study may involve an 

initial dynamic study, with routine image6 being taken at one and 

five minutes, sequentially followed by images at 5 min intervals up 

to an hour and then for each hour for three additional hour6 [145, 

160 I. 

Unfortunately, there is no clear picture a6 to the structure of 

the Qgm To-IDA agents. Early HPLC studies led to the conclusion 

that the HIDA complex was formed almost quantitatively and 

electrophoretic experiment6 indicated a monoanionic complex with a 

stoichiometry of two HIDA ligands for each Tc. The oxidation state 

was determined by the titration of excess stannous ion in the 

reaction mixture with iodine 11491. On this basis, the formulation 

was suggested to be [(HIDA)~TO(TII)~- in a pre6Umably ootahedral 

complex (see Figure 151 [161 3. While confirmation of this 

structure has been provided by fast atom bombardment mass 

spectrometry [991, IDA ligands are not expected to delocalize 

sufficient electron density away from the Tc to stabilize the 

Tc(II1) oxidation state. An alternative suggestion is that the 





complex bears analogies to the monomeric EDTA species discussed 

previously and that it contains a [Tc=O13+ core. Further HPLC 

studies 1162 1 have shown that there are two anionic components, 

which can be interconverted by changes in the pH and chloride 

concentration. This would be consistent with a labile site 

opposite the 0x0 ligand of a Tc(V) complex, which might be occupied 

by a water, hydroxide or chloride ligand or even an IDA carboxylate 

(analogous to the penicillamine complex). Moreover, since the 

product distribution is affected by the technetium concentration 

[993, it is possible that di- or oligomeric species are being 

formed. such as occur with EDTA and NTA. 

Heart Imaging. The major u6e of imaging heart muscle 

(myocardium) is to aid in the detection of coronary artery disease. 

Imaging blood perfusion to the myocardium helps to differentiate 

between: a> normal blood flow, b) isohemia, a state in which blood 

flow is decreased usually as a result of the deposition of 

cholesteric plaque in the lining of the coronary arteries, and o) 

infarcted (dead) tissue, which occurs when the blood flow is 

insufficient to support viabililty in a segment of the myocardium. 

Heart tissue tends to accumulate monovalent cations. Some 

radiotracers such as Blab+ and 129 + Cs appear to follow potassium 

ion, which is essential for normal function of heart muscle, and 

are taken in through the Na/K ATPase pump. Other cationic species 

such as 1311-labeled ammonium salts also accumulate in the 

myocardium, but these are sufficiently different from K+ that it is 

unlikely they are prooessed by the Na/K pump [Sl. The isotope 

201Tl is the most widely used myocardial imaging agent Ll.63 I. but 

has a relatively low and somewhat broad r-emission spectrum, which 

leads to diffuse focusing and consequent loss of resolution and 

contrast in the image 1164 I. Owing to the stability of Tl+ and 

its chemioal similarity to K+, it has been proposed that its 

acoumulation in heart muscle is due to its ability to mimic K+. 

Consistent with this. Tl' has been shown to activate the Na/K 

ATPase system. However, it is possible that heart cells have 

relatively nonselective receptors for monocations, including Tl 
+ 

. 

For these reasons, there has recently been considerable interest in 

the preparation and evaluation of oationic complexes Of ggmTo as 

potential myocardial imaging agents [165 ,166,16~,168.169,17O,~~l. 
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,172 ,173 3. Deutsch and coworkers have recently surveyed a number 

of Tc(III) complexes of the general type trens-iX2(di!Tclt (where 

di = a diarsine or diphosphine ligands) as to their uptake by 

myocardial tissue. Initially, these compounds were prepared by 

combination of the ligand with K2[TcCl61 [174 1. The synthesis of 

these agents can also be accomplished by reaction of the ligand 

with [n-BuqNllOClqTcl in HCliethanol. from [OClqTcl- generated in 

situ from ETcO4l- or directly from [TcO41- in an acidic 

water/ethanol mixture. The presence of HCl is essential for 

removal of the 0x0 ligands, since in its absence the reaction with 

o-phenylenebis(dimethylarsine) (diars) produces trans- 

[02(diars)2Tcl'. The ligand also presumably serves as the 

reductant and may be oxidized by transfer of oxygen from the 

CTc041-. 

An x-ray structure determination of trans-[C12CDMPE)2Tcl+ 

(where DMPE = 1,2-bis(dimethylphosphino)ethane), the most 

successful of these as a myocardial imaging agent, shows a typical 

octahedral geometry with the chlorides traas to one another and the 

phosphorous atoms occupying the equatorial coordination sites (see 

Figure 16). HPLC of preparations of this complex revealed the 

presence of several impurities including the pertechnetate starting 

material--at least two of which are cationic complexes. Infrared 

analysis showed one to be the Tc(V) complex trans-[02(DMPE)2Tcl+. 

which is protonated to trans-[O(OH)(DMPE)2Tcl+ in strong acid with 

a 'a of 6.3. The Tc(II1) compound undergoes a reversible one- 

electron reduction to trans-[C12(DMPE)2Tcl" at 0.1 V in DMF. The 

final cationic compound present in these reaction mixtures proved 

to be [(DMPE)~Tc~', which was characterized by elemental analysis, 

'1P-NMR and EXAFS, which revealed the Tc--P distances to be 2.40 A. 

The presence of Tc(VII), Tc(V), Tc(II1) and Tc(1) complexes in the 

same reaction mixture illustrates how subtle ligand, pH and 

reducing environmental effects can alter the technetium oxidation 

and coordination states. HPLC separation of the various 99mTc_ 

components, which were identified by comparison with structurally 

characterized samples prepared with 99 Tc, provided for the 

evaluation of the biodistribution of the individual complexes. 

While the trans-[Cl2CDMPE12Tcl+ provided excellent images of 

the heart in test animals, the result6 in humans were of 



insufficient quality to warrant its use clinically. Interestingly, 

the rhenium analog traas-[C12(DMPE)ZRel+, showed better heart 

localization and less liver uptake in rats. Since the structures 

of two ions are essentially identical, the variations in their 

biodistributions must be due to differences in reactivity. Since 

the reduction potential of the technetium complex is 190 mV more 

positive than that of the corresponding rhenium species, it is more 

likely to be reduced in vivo. This decreases the availability of 

the monocationic complex and produces the neutral Tc(II1 complex, 

which exhibits enhanced uptake by the liver. Modifications of the 

ligand system which would lessen its x-acceptor abilities may 

sufficiently stabilize the Tc(II1) species so as to render a 

clinically useful analog Cl75 1. 

Hexakisisonitrile complexes of To(I) constitute class of 

monovalent cations that exhibit good heart localization and are 

likely to be used clinically. Complexes of the type, [TO(CNR>~]+ 

(R=alkyl), were first prepared by ligand exchange onto Q9mTo_ 

glucoheptonate or from [99T~(SC(NH2),13+ 1771. A more direct 

synthesis from I 9gmTc041- has been effeoted by reduction with 

Na2S04 in the presence of the isonitrile ligand. These complexes 

are stable in solution and undergo oxidation to Tc(I1) only in the 

presence of strong oxidants (E" = 1.0 - 1.1 V). The tert-butyl 

isonitrile complex has been shown to accumulate well in the normal 

myocardium of both animals and humans in relation to the regional 

myocardial blood flow [I76 . HPLC has demonstrated that the 

metabolism of these oomplexes is responsible in part for the time 

evolution of their biodistribution and initial results suggest 

muscle uptake to be receptor mediated. 

Imaging of myocardial infarcts is often exhibited by bone- 

imaging agents to a degree that generally parallels their 

localization in bone 1177 1. The oalcium concentration in the 

relaxed normal myocardium cells is low (lo-' M), while that in the 

extracellular fluid and blood is much higher (10s3 M). When 

injured, these cells can no longer maintain this concentration 

gradient and extracellular calcium diffuses into the oells. 

Coupled with this is the availability of phosphate (from ATP, ADP, 

etc.) in infarcted cells, which leads to the deposition of 

amorphous calcium phosphate, crystalline hydroxy apatite, and 



calcium complexed with myofibrils and other macromolecules. In 

infarcts induced by isoproterenol the maximum calcium concentration 

is reached after 4-a hrs [lP+a 3. Since their accumulation is tied 

to the mechanism of calcium deposition, bone imaging agents show a 

more pronounced uptake 6-S hr after necrosis had been initiated in 

animal models [179 1. Consequently, these agents are more useful 

for imaging old infarcts (2-3 days) in the clinical setting than 

new ones (1 day). Of the bone-imaging agents the pyrophosphate 

complex has proven to be best for heart-imaging [la0 1. 

Both ggm Tc-gluconate and 99m Tc-glucoheptonate show significant 

accumulation in the infarcted myocardium of animal models and 

humans, with good quality infarct images being obtained any time 

within the first day of the infarction [181 I. Their mechanism of 

localization is probably not associated with calcium deposition, 

but rather with cell permeability. Altered cell permeability, 

which would allow these agents to enter the cell and bind to tissue 

proteins, is expected to occur shortly after occlusion of blood 

flow has occurred. The time of maximum uptake for these 

radiopharmaceuticals in the lesion is much earlier than for the 

bone agents. 

Imaging with -c-Labeled Blood Cells. In assessing 

abnormalities of the cardiac chambers or circulatory system, 

visualization of the cardiovascular blood flow provides an 

important diagnostic aid. Ideal imaging agents for this purpose 

are retained by the blood in the intravascular space and are not 

easily secreted by the liver or kidneys. The incorporation of 
99m Tc into red blood cells has provided a nearly ideal blood pool 

imaging agent and pavea the way for enormous growth in 

cardiovascular nuclear medicine [la2 1. 

Since erythrocytes are abundant, easily separated from other 

blood components, stable to mild mechanical or chemical 

manipulation, have less stringent nutritional requirements and have 

a variety of transmembrane transport systems, they are relatively 

easy to label with radionuclides. Highly efficient (295%) 

procedures are now available 1183 I, which employ a pretreatment 

with Sn(I1) in the presence of citrate, glucoheptonate or other 

anionic oxygen ligands. While the labelling mechanism is not 



clearly understood, during the pretreatment it is thought that the 

complexed stannous ion diffuses into the cell and becomes bound to 

a cellular component. Pertechnetate ion is then added and diffuses 

freely in and out of the cells, but upon encountering Sn(I1) within 

the cell is reduced. Intracellular coordination then occurs to fix 

the Tc primarily to the p-chain of hemoglobin 1184 ,185 1. A 

widely used kit devised to label 4 mL of patient blood contains: 2 

pg Sn(II), 3.67 mg sodium citrate, 5.5 mg dextrose and 0.11 mg NaCl 

Cl86 1. Following a 5 min incubation period with the Sn(II), an 

aliquot of the packed cells is added to the generator ggmTc-eluant 

and incubation continued for another 10 min. 

The relative amounts of Tc and Sn are critical. Since an 

excess of Sn(I1) causes the extracellular [Tc041- to be reduaed and 

so prevented from entering the cells, EDTA is added and the cells 

packed by centrifugation to hold the unreacted Sn(I1) in the 

plasma. A portion of the packed oells is then separated and added 

to the [ggmTc041-. Alternatively, the excess Sn(I1) can be removed 

by oxidation to Sn(IV) by the addition of NaOCl followed by EDTA, 

which serves to lower the oxidation potential of Sn(I1). A 

pertechnetate concentration exceeding the reducing capacity of the 

Sn(I1) results in the presenoe of free [Tc041-_ Approximately lo- 

30 mCi of ggm To are used in a typical study and a labeling 

efficiency of 95-9896 can be obtained with eluaat solutions 

containing up to 1014 To atoms. In order to attain both the right 
99m Tc aotivity and total perteohnetate concentration, time control 

must be exerted over the generator elutions. For example, an 

eluate of 10 mCi ggmTo-aotivity contains 1013 Tc atoms when eluted 

after a generator resting period of 3 hours, but this rises to 10 14 

atoms after 50 hours [187 1. 

Despite the efficiency and high reproduaibility of 99mTc_ 

erythrocytes prepared in this manner. the patient must be 

phlebotomized and the blood manipulated externally. Consequently, 

olinioians often prefer an in viva labelling method that utilizes 

similar reagents ll88 I. but is accomplished by sequential 

injections into the patient, who serves as the reaction vessel. 

Owing to the dilute conditions and presence of other oxidizing 

agents, it is unlikely that the Sn(II1 alone reduces the 

perteohnetate. It has been proposed that the tin activates a redox 
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mechanism in the erythrocytes and the choroid plexus resulting in 

in situ reduction and retention of ggmTo at these sites cl89 1. A 

combination of both methods has been developed which involves in 

vivo introduction of the tin followed by in vitro mixing of small 

portions of the blood with [ggmTo041- through an indwelling 

intravenous catheter [190 I. 

Erythrocytes labeled with 99m TC have diverse clinical 

applications. They are primarily used in the evaluation of the 

cardiovascular system 1191. 1 and detection of gastrointestinal 

bleeding t192 3, but have aLso been applied to the measurement of 

cerebral blood flow and the assessment of the vascularization of 

brain tumors. More recently, they have begun tc, play an important 

role in the evaluation of hemangiomas, which are benign tumors of 

blood vessels containing a large volume of blood [193 3. 

The Labeling,of other blood cell components, such as leukocytes 

1194 I and platelets, with ggm Tc would be highly desirable, but 

stable products have eluded investigators. Tagged leukocytes would 

be helpful in identifying sites of internaL infections and 

infarcts. 99m Tc-platelets could be employed to image blood thxombi 

and possibly platelet deposition on the plaque of athersclerosed 

blood vessels L195 1; however, the half--life of 99m Tc may be to 

short fox the latter. 

Splenic Doaging. The spleen is particularly susceptible to 

damage by internal trauma, which may result in hematoma, rupture 

and severe hemorrhage. Consequently, visualization of the spleen's 

morphology is a valuable diagnostic aid. Scans of the region of 

the spleen are also helpful in determining if a splenectomy was 

oomplete or if the patient is asplenic [196 I. Among the spleen's 

functions is to eliminate damaged or aged erythrocytes from the 

blood by means of its uniquely narrow and tortuous circulation. 

Red blood cells that have been tagged with 99m Tc and subjected to 

heat damage by incubation at 49.5 'C fox 15 min I197 1 are 

insufficiently flexible to squeeze through the smaller pores and 

fenestrations in the spleen's endothelial cells. The trapped oells 

are then phagocytized and permanently removed from circulation. 

Since damaged erythrocytes are taken up excl.usively by the spleen, 

they constitute an excellent vehicle for splenic imaging. 
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Since both the spleen and liver filter out small particles from 

the blood, each can be imaged with colloids incorporating QQmTc. 

Presently the most important particulate employed for this purpose 

is the QQml'o-sulfur colloid, which is usually prepared by the 

reaction of tQgm Tc041- with thiosulfate. In acid solution [S20312- 

disproportionates to produce SO2, elemental sulfur and water. The 

reaction is usually carried out around 97 'C to enhance the rate. 

While the disproportionation to produce H2S is not favored 

thermodynamically at 25 'C, analogy to the chemistry of Re [398 1 

and the produotion of & similar colloid with H2S lead to the belief 

that a product incorporating Tc2Sr is formed from H2S generated 

during the reaction. Since the amount of To employed is so low, 

conventional methods of analysis have not revealed the structure of 

the colloid [199 1. Thiosulfate is also capable of reducing 

[TcOql-, which raises the possibilty that the agent is comprised of 

a reduced To complex adsorbed on the surface, or incorporated into 

an elemental sulfur colloid. When gelatin is added as a 

stabilizer, the colloid generated has a fairly narrow size 

distribution, with 80% of the particles between 0.1 and 1.0 pm 

[200 3. Direct reaction with H2S is not as convenient, but results 

in a nearly uniform size with -90% of the particles having a 

diameter of 0.09 + 0.01 Um C201 1. Water dispersions of QgmTo_ 

sulfur colloid taken orally provide images of the esophagogus, 

which have yielded useful data in the diagnosis and follow-up of 

many esophageal diseases 1202 I. 

Lymphoscintigraphy. The lymphatic system is responsible for 

the extraction of small particles from the interstitial space, with 

oolloids in the range of 1 to 10 nm being most efficiently 

eliminated. It is the purpose of lymphatics to stem and aontain 

infection and neoplastic growth through isolation and phagooytosis 

of foreign bodies; however, in performing this function they can 

also serve as a primary pathway for the dissemination of invading 

cells. Lymphosointigraphy is the imaging of the lymph nodes after 

the interstitial, intraperitoneal, or intralymphatio injection of & 

radiocolloid [203 I. Colloids incorporating 198 Au are uniformly 

small (3 - 5 nm) and exhibit the best lymphatic uptake, but 

generate an unacceptably high radiation dose to the patient. While 
99m Tc-sulfur colloids are used for lymphatic imaging, an antimony 

sulfide colloid (To-Sb2S3) incorporating 
99m TC gives a narrow size 
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distribution in the range of 10 nm and is the agent of choice for 

most lymph node imaging /204 , 205 ,206 ,207 1. Lymphoscintigraphy 

is particularly useful in the management of several forms of cancer 

E208 I, especially that of the breast [209 1, and is also helpful 

in diagnosing hereditary lymphedema (Milroy's disease), demarcating 

lymphatic pathways following surgery, and in evaluating lymphatic 

drainage from particular organs [210 1. 

Lung Imaging. All ggm Tc-lung imaging agents are 

microparticulates which are injected intravenously. They are of 

sufficient size (, 10 Pm> so that, after reaching the right side of 

the heart, they are pumped into the pulmonary artery and then 

become trapped in the arteriolar capillary bed of the lung. In 

effect, these radiopharmaceuticals image blood flow into the first 

set of capillaries encountered that are sufficiently small to seine 

them from the blood. While these agents do block capillary blood 

flow, this is a marginal effect and their use is deemed safe for 

routine application [81. The most popular 99m %-lung imaging agent 

consists of microspheres of denatured human serum albumin, which 

are available in kit form and are labeled by stannous reduction 

r211 1. Other particulates used are macroaggregrated albumin 

[212 1 and iron hydroxide 1213 I. 

In providing both static images of the lung and a measurement 

of lung perfusion, lung scans are helpful in diagnosing pulmonary 

thromboembolisms. While nonspecific, pulmonary imaging with ggmTc- 

microsphere6 can yield the earliest clue for the correct diagnosis 

of fat embolism, air embolism, contusion or laceration. A 

quantitative method for measuring increased pulmonary capillary 

permeability, which results in edema arising from the leakage of 

water and protein into the pulmonary interstitial space following 

some microvascular injury, has been developed using ggmTc-labeled 

human serum albumin (HSA, see below). This is based on the 

migration of 99m Tc-HSA from the capillaries into the extravascular 

space in the pulmonary region, which increases the activity in the 

lung relative to that in the blood measured at the heart. 

Pollowing the rate of change of this ratio with time allows for the 

early diagnosis of acute respiratory distress syndrome and 

accurately differentiates this condition from pneumonia or 

cardiogenic pulmonary edema [214 1. 
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9smT- c Labeled Proteins and Macromolecules. Radiolabeled human 

serum albumin (HSA) is useful in determining blood pool volume, 

cardiac parameters and other measurements involving the plasma 

1215 1. While a number of methods have been tried, the most 

efficient labeling of HSA with Lggm Tc041- has been achieved using 

stannous reduction in the presence of the protein at low PH. DTPA 

or tartrate [216 1 are commonly used as a chelating agent for the 

Sn(II), which helps to avoid the formation of Sn-Tc colloids 

1217 I. Sulfhydryl groups on the surface of the protein are 

thought to provide binding sites for the metal [218 1. Neither the 

oxidation state nor the coordination geometry of the bound 

technetium has been characterized with certainty [219 1. Quality 

oontrol of 99m Tc-HSA adducts is a problem, since a variety of free 

and colloidal technetium side product6 are formed together with HSA 

aggregates and weakly bound (ion-paired) technetium [220 1. While 

suitable chromatographio separations have been developed to yield 

good quality 99m Tc-HSA, these make the preparative procedure more 

involved and aggravate the difficulty of injecting a pyrogen-free 

radiopharmaceutical. The use of modern resonance Raman 

spectroscopic techniques promises to be useful in determing the 

nature of technetium coordination sites on proteins even at metal 

conoentrations approaching the no carrier added level [221 I. 

An agent capable of imaging intravascular blood clots would be 

of tremendous utility in the diagnosis of thromboembolic disorders. 

Indeed, several attempt6 have been made to adapt the stannous 

reduction procedure to label fibrinogen l222 1, urokinase [223 1. 

and streptokinase [224 1. Unfortunately, none of these have 

reached the level of clinical utility. Nevertheless, the general 

approach of labeling proteins involved in clotting or dissolution 

of thromboses remains a logical path to follow. 

Brain Scintigraphp. While CAT scans have become the major 

imaging tool in the evaluation of most brain lesions, expense and 

availability often dictate that radioscintigraphy be performed 

instead. Indeed, in cases where an assessment of blood perfusion 

to the brain is needed, radionuclide brain scintigraphy is Often 

essential 1225 I. The advent of SPECT instruments, whioh are 

particularly useful for head scans, has intensified the search for 
99m To-agents which effectively cross the blood-brain barrier. The 
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present radiopharmaceuticals of choice, 99m Tc-DTPA or 

glucoheptonate (discussed under renal agents) have both been shown 

to provide higher sensitivity than 1 9%c041-. but enter the brain 

only when the barrier membranes have been damaged. Injections of 

these agents can furnish several kinds of information. First, 

blood flow in the carotid and cerebral arteries can be immediately 

visualized and then followed by a blood pool study. Static imaging 

of the brain is begun no sooner than 1 hr after the injection, 

followed by later views, if deemed necessary. Epileptic seizures 

often cause increased blood flow in the region of the discharge, so 

that this may appear as an area of increased radioactivity. In 

cases of head trauma the dynamic phase of the radioscintigraphy may 

help distinguish between subdural and epidural hematomas [225l. 

The development of brain agents is hampered by the difficulty 

of overcoming the "blood-brain barrier", which efficiently excludes 

large or foreign materials from the cerebrospinal fluid. Small, 

diffusable radiotracers have been most successful in penetrating 

cerebrospinal membranes and the agents presently in use are 

hydrophilic anions. However, increasing the lipophilicity of the 
99m Tc-complex (as measured by the octanol/water partition 

coefficient) by enlarging the size of the organic groups on the 

ligands appears to increase their membrane permeability and ability 

to diffuse acrose the blood-brain barrier [226 I. 

A series of mono-ox0 Tc(V) complexes with derivatives of 3,3'- 

(1,LGpropanediyl diimino)bis(3-methyl-2-butanone oxime) (PnAO) have 

been synthesized by the stannous reduction of ITc041- in the 

presence of excess ligand. These neutral square-pyramidal 

compLexes exhibit significant lipophilicity and diffuse well across 

the blood-brain barrier. Upon coordination the PnAO ligand loses 

two amine protons and a single oxime proton, with the remaining 

oxime proton being strongly hydrogen bonded between the two oxime 

oxygens. Substituents on the PnAO ligand can be oriented toward or 

away from the apical oxygen and so give rise to diastereomers 

r227 I. The first of these complexes to be used clinically is the 

hexamethyl derivative (HM-PA01 (see Figure 18), which shows high 

brain uptake and retention and good discrimination between the grep 

and white regions of the brain [228 1. 
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Gluceptate (2 hrs) 

Fig. 17 Posterior and right lateral views of the brain revealing 

lesion in right posterior quadrant. Images taken 2 hr. 

after injection with 
99m To-glucoheptonate. (Courtesy, 

DuPont, NEt? Products). 

Fig. 18 Diagxamatic representation of the essential features of 

one of the diastexeomexs of [O(HM-PAO)TcJ used for 

brain imaging. 
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An interesting approach to the systematic development of heart 

and brain agents takes advantage of the vast array of benzene 

derivatives, which can be incorporated into dibenzene technetium 

complexes of the type, I02Tcl' [229 1. These complexes are 

conveniently prepared by the reaction of the benzene ligand with 

ITc041- in the presence of Al as a reductant and AlC13 as a 

catalyst so that the size and lipophilicity of the product can be 

varied almost at will [230 1. 

Reproductive Organs. Microspheres made from human albumin 

tagged with ggmTc have recently been used to illustrate the 

migration of nonmotile particulates up the vagina through the 

uterus and fallopian tubes into the peritoneal cavity and ovaries 

1231 1. Pertechnate has been shown to be useful in dynamic and 

static imaging of blood perfusion of the scrotum and testes to 

differentiate between inflammatory disease and torsion of the 

testis [232 I. Since the scan can be completed in 15 minutes and 

inflammation is accompanied by an increase in blood flow, while 

torsion is associated with decreased perfusion, a rapid 

differential diagnosis is often possible without exploratory 

surgery. 

Thyroid and Parathyroid Imaging. Although cancer of the 

thyroid is relatively uncommon, the appearance of benign nodules on 

the thyroid occurs 30 times more frequently. Since the nature of 

an intrathyroidal nodule is not readily discerned by patient 

history or physical examination and exploratory surgery is neither 

practical nor justifiable in the majority of cases, the functional 

information derived from radioscintigraphy has become a central 

diagnostic factor [233 1. Owing to the thyroid's metabolism of 

iodine to form thyroxine, primary thyroid cancers accumulate 135 , 

but less avidly than normal thyroid tissue. Cancers metastasized 

from the thyroid also exhibit uptake of radioiodine, but the use of 
131 

I produces a relatively high radiation dose to the thyroid and 

its r-ray energy is higher than is desirable for efficient imaging. 

In addition to I-, the thyroid traps certain monoanions including: 

Br-, [ClO,l-, [Mn041-, ITc041-, and [Re041-; however, these are not 

metabolized and are eventually released, Presently, [ggmTc041- is 

the most commonly used tracer for thyroid imaging. The presence of 

a "cold nodule" on the thyroid imaged with [ 99mTco41- is not in 
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itself diagnostic for a malignancy; however, a suggestive clinical 

history and the presence of other cold defects or nodules increases 

the likelihood. A low percentage of nodules appearing "hot" on a 
99m 

Tc-scan also prove to be malignant. Metatastases from the 

thyroid are most easily visualized with [ggmTc041- and such scans 

are helpful in determining the spread of the disease and in 

planning for surgery. 

The four relatively small (-40 mg each) parathyroid glands are 

responsible for the secretion of the parathyroid hormone, which 

assists in the regulation of calcium levels, and are situated 

adjacent to the thyroid. Consequently, they are usually difficult 

to distinguish from the thyroid and the background from the thyroid 

must be digitally subtracted using a double-radiotraoer technique. 

In a typical method, [g9mTc041P is injected intravenously, a 

thyroid scan taken, and the data stored on a computer. This is 

followed by an injection of 201 + Tl and a scan of its distribution 

in the region of the thyroid. The background 
99m 

To image is then 

subtracted from the 
201 

T1 picture to yield a view of 
201 

T1 uptake 

by the parathyroids alone. Enhanced 
201 

Tl uptake provides evidence 

for parathyroid hyperplasia, adenomas or carcinomas [234 I. 

Oncological Applications. 

A number of attempts have been made to design 99mTc- 

radioscintigraphic agents that would be specific for certain types 

of tumor tissue. Unfortunately, only very limited success has been 

acheived in attaining stable, truly tumor-specific drugs. Most 

radiopharmaceuticals U66d in cancer diagnosis are organ-specific 

agents, suoh a6 thO6e already discussed. Owing to their high 

sensitivity and ability to image function a6 well as structure. 
99m 

Tc-radiopharmaoeuticals play a critical role in the detection of 

cancer and assessment of the stage of the disease. Depending on 

the nature of the function imaged, a tumor may appear a6 a "cold" 

or a "hot" area on the scintigraph. For example,.neoplasms 

generally appear as region6 of decreased radioactivity in the 

thyroid imaged with LQgm To0 I- or in the reticuloendothelial system 

of the liver imaged with 
99iI Tc-sulfur ooiloid, Gince tumors in 

these organ6 represent a decrease in the normal fun&ion. On the 

other hand, brain tumors visualized with [gQmTo041~ or bone tumor6 

detected with Wrn To-phosphonates are 6een a6 increased area6 of 
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radioactivity. This is probably due to the relatively higher 

metabolism, increased blood perfusion, and greater degree of 

membrane permeability usually exhibited by tumor tissue [235 , 

236 I. Direct measurement of tumor volume by radionuclide methods 

has recently become possible with tomographic cameras [237 1. 

The detection of cancer metastases occurring in bone by x- 

radiography or enzyme tests is often unreliable. On the other 

hand, micrometastases can be visualized by 
99nl 

Tc-bone agents 

several months before they are visible by x-ray and are detected in 

30-50% of patients with normal radiographic studies in the same 

region [238 I. Bone scanning has become an important use of QQ+e_ 

agents in the management of breast cancer [239 1. Scans are 

normally performed preoperatively in patients with clinical 

findings suspicious fox breast cancer, and metastases to the 

skeleton are detected in about 10% of these cases 1240 1. 

Determining that the stage of the disease has advanced considerably 

spares some of these patients from aggressive surgical procedures. 

Serial bone scanning in patients with known metastases is valuable 

in determining a patient's response to therapy and in localizing 

lesions fox biopsy. Bone-imaging agents have also proved useful 

for imaging soft tissue neoplasms of the musculoskeletal system, 

possibly as a result of calcification arising from damaged cells 

1241 I. Calcification has been reported in up to 50% of patients 

with neuroblastoma; however, it appears that calcification may be 

found in almost every neuroblastoma and that it occurs in living 

tumor cells as well as in areas of necrosis. Uptake is believed to 

be related to calcium metabolism, with the rate of calcium 

metabolism (rather than the total amount of calcium present in the 

tumor) being the most important factor in determining uptake 

!242 I. 

Surgical removal of the lymphatics draining a cancerous region 

often accompanies the excision of some tumors [243 I; however, in 

the absence of lymphsointigraphy, it is not always obvious as to 

which lymph nodes are involved. When the lymphatics are not 

removed, tracing the lymphatic drainage of a tumor is also 

important in directing radiation therapy to the appropriate lymph 

nodes to prevent spread of the disease C2091. Identifying the 

degree of lymphatic involvement is often possible on scans 
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following the injection of 99m Tc-sulfur or antimony-sulfur colloids 

into the affected region. Tumors studding peritoneal surfaces 

result in a marked exudation of fluid (ascites), which tends to 

accumulate as a result of ascitic tumor cells blocking lymphatic 

channels C2031. Lymphoscintigraphy readily reflects the ability of 

the regional lymph channels to drain the area and provides an 

indication of the severity of the disease. Extensive lymphatio 

involvement in cases of breast cancer establishes a grave prognosis 

and the futility of any attempt at radical surgery [2091. 

Chemotherapeutic agents are sometimes administered through a 

transabdominal infusion catheter to treat metastatic tumors. The 

introduction of 99m Tc-HSA into the peritoneal cavity provides a 

means of studying fluid distribution as well as identifying the 

catheter position to insure proper distribution of the anticancer 

drug 1244 I. Scintigraphy with Cggm Tc041- has been shown to have 

about the same degree of accuracy in diagnosing breast 

abnormalities and provides a good complement to x-ray (mammography) 

techniques [245 I. 

Probably as a result of their increased metabolism, neoplasms 

typically show a high affinity for porphyrins and hematoporphyrins. 

For the most part, 99m Tc-labeleg porphyrin derivatives have yielded 

inconclusive results in delineating tumors. However, one recent 

study showed that a 99m To-hematoporphyrin derivative localized in 

both malignant and benign tumors 1246 1. Tumors also tend to 

exhibit a high requirement for nucleotides, Several lines of human 

tumor cells In culture allow permeation of low levels of adenine 

nucleotides thorugh their plasma membranes. In contrast, 

untransformed cells generally do not incorporate adenine 

nucleotides into their cellular pools without prior degradation to 

adenosine. Biodistribution studies demonstrated that 99m Tc-Ap4A 

accumulated preferentially in RT-24 tumors implanted in rats. This 

agent also concentrated in V2 carcinoma implanted in rabbits 

sufficiently to visualize the tumor by in vivo imaging. Tumor-to- 

musole ratios with ggmTo-Ap4A or 99m Tc-ATP were higher than those 

the widely used tumor imaging agent, "Ga-citrate [247 1. 

Stemming from the ability of some antibiotics to cure oertain 

types of cancers and arrest others, a number of attempts have been 

made to label tumor-localizing antibiotics with ggmTc in order to 
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bleomycin show some degree of tumor concentration; however, this 

may to be due to a passive process rather than active tumor uptake 

or binding to specific receptor sites on the tumor [2361. 

Bleomycin is the name given to a group of structurally similar 

glycopeptide antibiotics with molecular weights around 1400 

produced by a strain of Streptomyces verticillus [248 ,249 1. 

Poorly characterized 
99m Tc adducts have shown some sensitivity in 

detecting abdominal tumors,E250 , 251 1 but their low stability is a 

major problem. The antibiotic ionophore lasolocid A, which 

exhibits a tendency to enter tumor cells, forms a 2:l complex with 

Tc containing a [Tc=O13+ core to which the antibiotic is 

coordinated through its salicylate moiety. The exact nature of the 

coordination remains to be established as does its efficacy as an 

imaging agent [252 1. 

Mammalian immunoglobin G (IgG1 has been labeled by reduction of 

[ggmTc04]- with Xl or SnCl2 and radiochemical purity determined by 

immobilization of the product on protein A from S. aureus [253 1. 

An area of intense investigation is the radiolabelling of tumor- 

specific monoclonal antibodies that recognize tumor-associated 

antigens [254 I. Since they are carried by the blood stream, 

individual antibodies are transported throughout the body bypassing 

normal tissues but attaching to tumor antigens. Over time, a large 

concentration of antibodies may attach to the tumor. However, 

their concentration in the tumor is highly dependent on their 

ability to arrive at the antigen site and so depends on variables 

such as tumor perfusion and permeability as well as the 

accessibility of the antigen. Appropriate radiolabelling of these 

antibodies without destroying their specificity could make 

available highly selective tumor-imaging agents. A host of tumor 

associated antigens have now been discovered and many monoclonal 

antibodies can be produced in Large amounts [255 3. Results 

obtained with polyclonal antibodies against the carcino-embryonic 

antigen (CEA), human chorionic gonadotropin (HCG), ,-fetoprotein, 

kidney carcinoma and ferritin revealed that the amount of 

radiolabeled antibody which localized in the tumor was low compared 

with that in the blood and other organs [256 1. Fragments of IgG 

designated as Fab and F(ab')Z have also been used successfully to 

image human tumors [257 1. The high background arising from 
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antibodies remaining in the blood and other organs, especially the 

liver, has necessitated the use of double radionuclide techniques 

often employing [ggmTc041- to subtract out the background [258 1. 

Unfortunately, the relatively short half-life of ggmTo and the 

low stability of the protein adducts so far prepared has limited 

its utility in labeling monoclonal antibodies. For the latte'r 

reason, attempts have been made to oovalently attach strong, 

chelating groups to the protein that would hold the metal securely. 

One approach that effectively links DTPA to proteins through an 

effioient ooupling involving the DTPA bicyolic anhydride holds 

promise in this regard 1259 ,260 1. In this simple procedure a few 

microliters of protein solution are added to the dried anhydride 

and the mixture agitated fox 1 min. Efficiently and effectively 

linking sgm To to antibody proteins may well yield a useful family 

diagnostic tools for diagnosing cancers. 

Concluding Comments. 

It is not surprising that ssm Tc-radiopharmaceuticals have been 

most successful at imaging organs whose function involves the 

elimination of alien or undesired materials. Since technetium is 

foreign to natural systems, it is indeed difficult to chemically 

disguise it so that it oould be readily accepted into metabolic 

processes. Only in the case of the bone have researchers been 

clever or lucky enough to develop an agent, which is highly 

selective by virtue of its incorporation directly into the specific 

metabolism of the target tissue. For a number of organs no 

clinically useful 99m Tc-radioscintigraphic agents are yet 

available. These include: the heart and other muscles, the 

prostate gland, endocrine glands such as the pancreas, adrenals, 

and pituitary, and gastrointestinal lesions such as ulcers. 

Indeed, no organ is imaged with such quality that improvement 

should not be sought. 

Effectively employing SSm TO to visualize intravascular 

thromboses would provide an enormously useful diagnostic aid. 

Perhaps further advantage can be taken of technetium's ability to 

bind firmly to Ca2+ sites by extending its binding to oalcium 

binding proteins, especially those which are associated with the 
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formation of blood clots. The impending availability of 

significant quantities of useful proteins derived from biogenetic 

technologies may play an important role in these endeavors. 

Alternatively, simpler polypeptide complexes involving ?- 

carboxyglutamates, which are frequently used to bind Ca 2+ in 

proteins and polypeptides /261. 1, might yield promising agents. 

Efforts at firmly attaching 99m Tc to biologically important 

molecules have been somewhat hampered by the instability of Tc-N 

bonds involving the metal in a mid oxidation state. Technetium(W) 

and (V) compounds with monodentate nitrogen ligands readily 

hydrolyze in aqueous solution, and most nitrogen ligands are 

insufficient as n-acids to stabilize the lower oxidation states. 

One outstanding exception to this is the extraordinary stability of 

the Tc-N bonds in trans--[(NO)(H20)(NH3)4Tc12~ and the corresponding 

complex with Tc(I1) [262 1. In these complexes the nitrosyl group 

delocalizes sufficient r-electron density away from the Tc that the 

n-bonds to the ammine nitrogens are greatly stabilized. As a 

result, these complexes are very slow to undergo substitution. The 

use of other good m-acceptor nitrogen ligands may make available 

new synthetic starting materials for the formation of stable 

complexes with amino acids, nucleotides and their polymers. The 

recently available nitrido complexes also offer promise in 

labelling these biomolecules. 

Despite the wide range of synthetic reactions now documented 

for technetium complexes, relatively little is known about the 

processes by which they occur. Of the few that have been 

investigated, somewhat surprising mechanisms have been uncovered. 

Owing to the centrality of Tc in the transition elements, it may be 

abundantly versatile in mechanistic processes, with subtle changes 

in the ligands opening a variety of reaction pathways. Its 

tendency to form oxo-bridged polymers and the importance of QQmTC- 

colloids in diagnostic imaging further suggests that mechanisms of 

dimer and oligomer formation might be a worthwhile area for study. 

At the present time only the broad outlines of technetium 

chemistry have taken shape, but steady progress is now underway. 

Expanding our insignt into the synthesis and reactivity of 

technetium compounds and joining this with a knowledge of the 



313 

physiological functions of organs to design imaginative, new QQmTc- 

radiopharmaceuticals presents a challenging prospect to the modern 

coordination chemist. 
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