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The preparation of radioactive isotopes (radionuclides) for use in medical 

diagnosis (nuclear medicine) has been reviewed in the purely chemical literature 

before [l] and the role of metal ions, in particular, in biological systems has 

been the subject of a number of articles 12-61. Hcwever, as this topic has not 

been previously covered by this journal, a number of words of introduction 

would be appropriate. 

Gne of the basic procedures in nuclear medicine involves the administration 

to a patient of a radionuclide in sane suitable chemical form that can be 

subsequently detected externally while the canpound undergoes in aiuo metabolism. 

The methods used to trace these canpounds rely on the fact that the radionuclide 

chosen for the study will emit y-radiation. The subsequent absorption of this 

radiation in a suitable detector is often referred to as scintigramy. 

In the early application of the technique, y-emitting radionuclides of sana of 

the physiological elements were injected in simple chemical forms, such as 

radioiodine ( 1311) for thyroid function measurements [7], and radiolabelled 

carbon dioxide (C1502) for lung function measurements [8]. As nuclear medicine 
developed,metal-ion radionuclides were quickly introduced; not for any 

physiological reason, but for their excellent physical pro&ties which optimised 

the scintigraphy technique 191. These metal radionuclides (67Ga; "Tcm; 'llIn), 

which are new being used for routine application, ars ackninistered in the min 

as simple ionic canpounds, but as the understanding of the in viva fate of these 
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materials increases, the need is 

sophisticated cunpoundslabelled 

metabolic rale. 

4.1 RUTREXIUM FIADIONLELIDES 

beccming apparent for the development of 

with these metals, which have a specific 

It was partly on the basis of its excellent physical properties that 

ruthenium-97, in particular, was recognised as a potential radionuclide for 

nuclear medicine by Subramanian, McAffee and Poggenburg in 1970 [lOI. 

Ruthenium-97 has a half-life (tt) of 2.84 days 1111, and decays solely by 

electron capture to g7 Tc (tt 2.6 x 10' y) with the emission of two praninent 

y-rays at 216 keV (86$%) and 325 keV (10%) [12]. Its decay characteristics 

are compared with a selection of other possibly useful ruthenitzn isotopes in 

Table 1. 

Sunnary of decay data for ruthenium radionuclides 

Half-life Principle Gan=Y-RaY Suitability for 
Number (Q) %de of Transition in t)i2)0 Scanning 

=caY RnergiesjkeV 

Ru-94 51.8 m =a b 
367,892 Poor 

Ru-95 1.65 h EK! + B+ 336,1097,627 Poor {butnsyhawuse in 
(15%) PECAT scanning '1 

Ru-97 2.84d EE 215,325 Excellent 

Ru-103 39.4 d f3- 497 Poor 

Ru-105 4.44 h 6- 724 + nmny Poor 
others 

Ru-106 368 d 8- no y rays Not considered 

a EC Electron Capture b + 
(Annihilation radiation) 

g positron emission giving 511 keV gamma radiation 
PECAT positron emission computerised axial tomography 

{See "Seminars in Nuclear Medicine", 9 (1980); 10 (1981)) 

Though g7 Ru is the radionuclide of choice for nuclear medicine applicaticms, 

nm.ny of the preliminary studies involving ruthenium canpounds have been carried 

out using the lcmger-lived 'O%u or lo6 Ru, which are available cummrcially 1131. 

These are prepared fran the neutron irradiation of stable ruthenium and suffer 

fran inevitable poor specific activity. Ibis means that the radioactive atars 

of 10%u/106Ru produced are "diluted" with the non-radioactive atans of the stable 

rutheniun target rmterial. The neutron deficient isotopes on the other hand 
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('*Ru, g5Ru and g7 Ru) can only be produced fran charged particle irradiations, 

which use a different element for the target material and are thus available as 

%arrier-free". The nuclear reactions which have been used to produce these 

nuclides are smmarised in Table 2. 

TABLE2 

Production of the neutron deficient isotopes of ruthenim 

Targeta Nuclear 
Reaction 

Product Reference 

Eb (natural) %,xn %.I 14 

MO (natural) 4Re, xn "Ru 14,15 

Mo (natural) 3Re, xn %u 14,16 

Fo (natural) %e, xn g5Ru 14,15,16 

"Tc P, 3n %u 17 

lO%Q-l P, 2p.5n g7Ru 18,19 

hlo (natural) %a ,xn %u 14,16,20 

MO (natural) 4He, xn 9% 11,14,15,16,21,22 

Possible contaminants in g7Ru 

l%o 'He, n lo3Ru 11,14,15 

looMO +I e, P lo% + 1e%u 15 

i6Mo (natural) comists of 
Mo(24.4%) and 100Mo(9.6%) 

gaMo(14.6%b, g4Mo(9.1%), g6Mo(16.7%), g7M0(9.5%)r 

The %e (alpha particle) irradiation of natural nolybdenwn appears to have 

received the most attention, but unfortunately contamination by the longer lived 

"%I occurs [11,14,22]. This would be cmpletely eliminated using the %e 

reactions [14,16,20] and spallaticm route [18,191, or by the proposed use of 

enriched targets depleted in 10410 1221. Elimination of the "%u content would 

be desirable for most nuclear medicine applications in order to reduce the total 

radiation dose to the patient: radiation dose fran "%I is a factor of 2.5 

greater than that fran g7Ru for each unit of radioactivity [231. 

The mthcds used for the separation of radioruthenium fran charged Particle 

irradiated targets have included cc-precipitation [17,2ll, solvent extraction 

[11,16,19], wet distillation of Fb.10~ [18,19,21] and differential sublimation 

[ill. Hever, Pao et at. [221, while working in the author's laboratory, 

considered that none of these methods were rapid or simple enough to be used 

for the routine preparation of g7 Ru and developed an ion-exchange separation 
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using tin(IV) oxide. Investigations with larger scale production targets have 

necessitated modification of this technique, resulting in usable quantities of 
97 

~~ &ich are ncxv available for labelling purposes. 

4.2 RUI'RENIIJM CD!- WITR POTENTIAL APPLICATIONS IN NIJClEAR MEDICINE 

For the maxim clarity and convenience, the remaining text is sub-divided 

into headings covering groups of ccspounds that have a more biochemical 

classification than the 'purely chemical approach usually found in these reviews. 

Many of the cited publications are frcm proceedings of international synpceia 

which are published in a collection of short abstracts and often contain a 

minirmm of experimental details. This is indicated in the text where appropriate. 

It is also worth mentioning at this point that there are many problems 

associated with the general availability of g7Ru because of the necessity of 

charged particle irradiations and its relative short half-life of 2.84 days 

[24,25]. Thus the majority of the nuclear medical applications cited have 

utilised "%I in the initial studies. 

The impetus for much of the early work with radiolabelled ruthenim ccarpounds 

was as a result of the potential hazards fran the human ingestion of "%uand 

lo6Ru products in nuclear waste [26-311. 'Ibis information, though not directly 

applicable to nuclear medicine procedures, has provided the basis of the bio- 

distribution data of the canpounds which follow. 

4.2.1 Rutheniwn(III) chZoridet 

The usefulness of radiolabelled rutheniun(II1) chloride as a potential 

subcutaneous tunour local&sing agent was investigated by Tanabe and Yamanoto 

in 1975 1321, by Mizukawa et al. in 1978 [33], and soms clinical trials with 

patients were reported by Tanabe in 1976 [34]. It has previously been shown 

[35] that transformed cancer cells were stained more intensely with "ruthenim 

red" (see Section 4.2.2) than normal cells, indicating a possible preferential 

uptake of ruthenium As the mechanism of binding affinity had not been clarified, 

there was a possibility that ionic rutheniun itself was being metabolised. The 

investigations showed that certain tmnxrs could be delineated in rats by 

scintigraphy and that g7 Ru in particular would be the isotope of choice for this 

purpose in patients. The clinical trial with thirty-seven patients using "%_I 

resulted in a similar conclusion. Ha.wsver, these results did not offer any 

t 
The impure nature of commercial ruthenium(II1) chloride has been discussed 
elsewhere [79; p.871. 
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significant benefit over the widely used galliun citrate (labelled with 67Ga; 

tt 3.26 d) which was first used for the localisation of human soft tissue 

tmnmrs scme years earlier [36,37]. 

The sub-cellular distribution and mechanism of binding of ruthenim(II1) 

chloride in tunours was the subject of a study by Mimkawa 1381, who showed 

that the tmour affinity for "ruthenium" was related to the specific binding 

of glycopeptides on the cell surface of the turnour. 

+ 
4.2.2 %'utheniwn red" and other ruthenium czmmine complexes 

The cytological dye ?uthenium red", has been shrxn to selectively bind to 

mucopolysaccharides [39,40], which are found in abundance around certain 

tunours [41',42]. It was these characteristic interactions that led Anghileri 

to suggest that radiolabelled "ruthenium red" might be used to produce a tuaour- 

specific scanning agent 143, 441. The distribution studies in tmnxn bearing 

animals [44] confirmed the above hypothesis, showing an accumulation in tissues 

known to contain an appreciable amount. of mucopolysaccharides and muccproteins 

(e.g. bone, stanach and ovary). 'lhese findings were later endorsed in a 

published abstract by Petitjean et aZ. [20], but the animal tumxr model chosen 

for this study showed no specific affinity for the labelled canpound. 

Rrythrocytes (red blood cells), which have a cell marbrane rich in 

mucopolysaccharides, have also been "tagged" using l"%u lahelled "rutheni~ 

red" [45], but with a poor labelling efficiency. Interest in this canpound 

diminished as more efficient radiolabelling agents for cellular blood elements 

became available for routine clinical use [46, 473. 

It should be noted that the chemical characterisation of the radiolabelled 

"rutheniurt+red" used for these studies does not appear to have been carried 

out, thus reflecting the preliminary nature of the results. Rowever, sane 

ruthenium(II1) amnine canplexes which have attracted recent attention have, 

on the other hand, been subjected to more rigorous chemical identification 

procedures. 

l%us chlorcpentaamni nerutheniun(II1) dichloride, [Ru(NR3),C1]C1,, 

incorporating lo%, has been synthesised, and its purity checked 148-501. 

The ability of the caqound to act as a ttanxn- localising agent was tested in an 

animal model, but it showed no distinct advantage over rutheniun(II1) chloride 

[&I. Canplexation of the ruthenium anmine cunpoundwithanutberof amino 

t The structure of a salt derived from “ruthenium red”, [RU~O~(NH~)~~] [S203]3.4H20 
has recently been determined [78; p.661. 
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acids, L, (to give [Ru@W3)&1C1 1 was atteapted in the hope of 

developing a rutheniun pancreatic imaging agent. This was reported in an abstract 

by Meyer and Davis [49]. The 4-pyridylalanine canplex, labelled with losRu, 

shaved particularly good characteristics for such an agent, having a maximum 

pancreas-t&liver ratio of 17.0. This is considerably higher than reported 

values of about 2.5 measured for the ccnmmly used canpound for these studies, 

75Se labelled selenamthionine [51]. 

The preparation of aquapentaaminerutheniun(11) dichloride, [Ru(NR~)~(I$O)]C~~, 

has also been briefly mentioned in the abstract by Subramanyam et 02. [50], and 

its reaction with an antibody (Ifi) has resulted in the fomtion of a stable 

canplex. The authors propose to extend their studies of the labelling procedure 

to other proteins. 

4.2.3 Other ruthenium complexes 

Diethylenetriaminepenta acetic acid (dtpaR5) labelled with "'In (t 
1 
2.83 d) 

has been shmn to be of value for studying cerebrospinal fluid (CSF) in the l 

technique knam as cistenography [52]. However, Oster and c-workers [24] 

remarked that " Ru may offer sane advantages over '%n as a label for the 

chelate in term of a reduced radiation dose to the patient @d better imaging 

quality with a gamna camera. Their experiments using lo3Ru and g7Ru DTPA in 

mice and dogs showed that the kinetics and excretion of the ruthenium chelate 

were unaltered fran the "'In labelled cunpound. The authors also concluded 

that on a purely naninal radioactivity scale "Ru delivers approximately half 

the absorbed dose to tissues ccnpared with '?n. Havever, this may not be the 

case at the cellular level where the radiation dcses appear to be more ccmparable 

[531. 

Another chelate studied by this group was 2,3-diaercaptoprcpane sulphonic 

acid (dnsa). Their experiments with g7Rudmsain dogs hasbeen describedin 

abstract form [54,55] and it appears that the carplex may be useful for delayed 

renal ineging. In a paper by Anghileri et al. [56], a similar conclusion was 

reached after experiments with lo3Ru labelled dmsa involving rats and rabbits. 
-_. 

A probable mechanism to explain the renal accurmlation is-suggested by the 

authors, which involves the bonding of the ruthenimchma canplex to _ 
metallothicmein. This protein has been shm previously to avidly bind Group 

IIB metals [5?]; 
. .P 

- ._ 
A proposal has also been made to use g7Ru as a rep1 acement for the short- 

lived "Tcm(tt 6 h) in the ccnplex N,cr-(4-isopropyl-acetanilide)iminoacetic 

acid (pipida) to extend the period of its use for studying the biliary tract 

k51. Studies involving dogs and rats shaved a similar tissue distribution and 
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rate of excretion for both the "'km and rutheniun labelled canplex. 

Various Fkhydro~quinoline (oxine) derivatives labelled with radio- 

rutheniun have been prepared, and the ruthenim-oxine-7-carboxylic acid cmplex, 

in particular, has sham sane pranise as a tuaour localisation agent in the 

experimental animal model described by Srivastava et al. 1481. However, a 

more useful application for the rutheniun oxine type ccmplexes may turn out to 

be in the field of hunan blood cell labelling. At present lllIn-oxinate 

(and _. lllIn-acetylacetmate) are being widely used clinically for labelling 

cells [58,59], which are subsequently used for the diagnosis of abnormal 

lesions (abscesses, inflammatory processes, thrcsbcsis, etc. ). In order to 

achieve a high labelling efficiency of the cells, they mst be washed free of 

plaza before labelling as, iuthe presence of plasma proteins, indium avidly 

binds to transferrin [60]. It was pointed out in an abstract by Zoghbi 

et al. [61] that ionic ruthenium is not expected to bind to blood proteins so 

rapidly. This would enable cell labelling using rutheniun cmplexes to 

proceed in the presence of plasma and thus avoid the cell damage associated 

with plasllg removal. of the various cmplexes studied in this way, rutheniun 

oxinate appeared to give the best labelling efficiency for platelets (cu. 55%) 

[47,61]. Cn the other hand, the rutheniun tropolonate cmplex, which was also 

evaluated by this grmp, gave an unexpectedly poor incorporation, especially 

when consideration is given to the recently reported clinical success of the 

indiun tropolonate ccnplex [62]. It is clear fran these studies (and these 

in our laboratories) that many variables affect these labelling procedures, and 

the search for the optimum conditions is continuing. 

Another reason put forward by Zoghbi et ~2. [f;ll _for the potential use of . . 
ruthenium carplexes in cell labelling was the expected reduction in the radiation 

dose at the cellular level (canpared to '*'In) which shculdincrease viability 

in vivo. It appears, havever, that these radiation dose calculations are in 

doubt [53], but it is unlikely that this will deter the further stucQ of 

ruthenium canplexes which are turning out to be a-useful canplement to the 

successful inditan ccapounds. . . 
It is interesting to report that, though ionic ruthenitnn has been prepared 

for cell labelling in plasma because it is not expected to bind very rapidly 

to tr'ansferrin, the ruthenim transferrin canplex has in fact been prepared 

and tested as a possible tuaour localking agent in an animal model [48]. The 

preparation involved reacting ruthenium activity with Yrcn free" human 

transferrin at #I7 for 2 h at 40 OC. Purification of the noncruthenium 

transferrin was acccnplished tiing a G-150 Se#mdex coluam. Injection of this 

canpound into tuaour bearing mice resulted in a superior ~XRIEXW uptake canpared 

to all othe; ruthenimn canpounds previously discussed (viz ruthenium oxine- 
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7-carboq7lic acid, ruthenium oxinate, chloropentaamnineruthenium(II1) 

dichloride and rutheniun(II1) chloride). This result would appear to support 

the hypothesis of the presence of transferrin receptor sites on the surface 

of tmnour cells, though as Hoffer has pointed out in the case of gallimn 

transferrin [37], the mechanism of uptake by the tour is likely to be more 

cuqlicated than this explanation suggests. 

This apart, ruthenium transferrin (labelled with Q7Ru) would canpare 

extremely well with other agents (e.g. gallium67 citrate) in use at present 

for tour localisation, because of its selectivity, reduced whole body 

radiation dose to the patient, and its excellent physical properties for 

scanning purposes. 

4.2.4 Organorutheniwri compZexes 

A nunber of investigations into the preparation and uses of labelled 

ruthenccene derivatives have been made by Wenzel and his c-workers [63-731, 

beginning with the synthesis of radioactive metallocenes using ferrocene as 

a precursor [63]. LSbsequent separation of the corqounds, labelled with 5QFe, 
103Ru and 181 

Cs, was made using thin layer chranatography. 

The metabolic fate of the ruthenocene parent vund was studied by 

Taylor and Wenzel [64], using an anina model. 'Ihey shcwed that ruthenocene 

had a rmch higher in vivo stability than ferrccene, being eventually eliminated 

fran the body through the bile and urine follming hydroxylation and formation 

of a glucoronide conjugate in the liver. It was hoped that by derivativising 

the cyclopentacbenyl rings of ruthenccene, radioactive rutheniun may be 

encouraged to localise in specific tissues, so producing imaging agents for 

diagnostic purposes. 

Thus the lo3 Ru ruthenocene carboxylic acid derivative was prepared and its 

metabolism investigated in mice [65]. The results indicated that as the 

canpound was rapidly excreted via the kidneys, it may show pranise as a renal 

imaging agent. 'Ihe oestrogen esters of ruthenocene carboxylic acid have also 

been studied as possible lccalising agents for adrenals, ovary and uterus, but 

unfortunately they exhibit their highest concentration in the kidneys and 

liver [66]. Other derivatives have shown a more appreciable uptake in the 

adrenals, for example the acetylruthenocene derivatives [67,68], but their 

localisation in other close organs may preculde their use as an agent for 

adrenal imaging. The cinnamoyl and 3-phenylpropen-l-one derivatives of 

ruthenocene labelled with lo3Ru have been studied and found to be avidly taken 

up by thunus tissue after intraperitoneal acfministration to mice and rats [691. 

The N-methyl-N-@chloroethylhydrazone derivatives of ferrocene and ruthenccene 
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aldehydes have also been synthesised [70]. The metabolism and organ 

distribution of the ruthenim derivative showed a high affinity for lung 

tissue, and appeared to exhibit cytostatic effects similar to that of 

benzaldehyde hydrazone. Possible clinical applications for those canpounds 

nay result frcm these studies. 

Sane ruthenocene derivatives have been examined for tumour localising 

properties. Of these the vinyl benzoyl- and di(methylcarboxylate) derivatives 

have exhibited favourable tunour-organ ratios relative to the widely used 

67Ca-citrate 1711. 

More recently, amino-sugar derivatives of ruthenocene (glucosmnine, 

galactosamine and manncsamine) have been synthesised [72], and their metabolic 

fate studied in mice [73]. These experiments have .&awn that the kidney and 

liver concentrations of the ccmpounds are high, and that the injected amino- 

sugar derivative is excreted in the urine unmetabolised, once again demonstrating 

the in viva stability of the ruthenocene canpounds. 

4.2.5 Antineoplastic agents 

The "anti-cancer" drug bleomycin (BIM) has been labelled with losRu, in a 

synthesis taking about an hour, with yields of the product containing up to 

50% incorporation of the radioactivity with "carrier free" lo3Ru [74]. The 

vund prepared in this way using g7Ru would be the first radioactive label 

for bleomycin to meet the various criteria required to make it the ideal tracer 

for in viuo applications. 'Ibat is, the labelling process and separation are 

simple to manage on a routine basis giving a quantity of pure product suitable 

for in viva uptake studies. In addition, the compound is stable enough to 

store before use and, more importantly, exhibits the same in oivo distribution 

and metabolic properties as those of the unlabelled bleanycin.. 'Ibis being the 

case, the g7 Ru labelled product, when available, should find nnny applications 

in studying the distribution and action of blmcin on human ttmours. 

Another possibility that has been suggested by the authors is that if the 

ruthenium bleanycin were labelled with the high energy beta emitting isotope of 

ruthenium, 106 Ru (tf 368 d), it could-be used as an in uiuo radiotherapeutic 

agent, delivering a radiation dose specifically to the tumour. lbe use of 

lo6Ru "applicators" in this respect has already been reported for the treatment 

of eye manours (malignant melananas of the choroid) by Icmnatzsch 175,761. 

Finally, it should be noted that many rutheniun ccmpounds are being 

investigated for their antitmur properties in the hope of finding a 

therapeutic agent to cunpare with the cis-platinum(I1) drugs (e.g. cis- 

rptc12(RR3)21) [771. If, and when, such agents are found suitable for treating 
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tumurs in 7x50, radiolabelling with 
97 
Ru would result in an interesting class 

of canpounds for scintigraphic studies. 

4.3 CONCLUSIONS 

Iabelled canpounds containing rutheniun appear to have a number of 

potential applications in nuclear medicine. Amongst the most important is the 

possible replacement of ruthenium for technetiun in a wide range of diagnostic 

agents that at present contain the short-lived "Tcm. The resulting extension 

of the period over which n&any of these agents could be studied would greatly 

assist the clinical assessment of these canpounds. 'Ihe replacement by 

ruthenium in complexes which have been labelled with indiun radionuclicks also 

appears to have certain advantages, but ccnparison of the radiation dose needs 

careful study. 

With the pcssibility of antineoplastic agents ccntaining rutheniun 

being used clinically, a radioactive tag suitable for in viuo scanning would 

be a distinct advantage. Althougb much, if not all, of these initial 

investigations involved the use of the isotope lo%, the shorter lived 
97 
Ru would be an almost ideal label frcm a scintigraphy point of view. At 

the munent supply of this radionuclide is limited to specialised institutions, 

due to the necessary inconvenience of charged particle irradiation using 

accelerators. However production via the spallation route does hold out the 

possibility of cunnxcial availability, in the USA at least. 
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