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Thee adrenomedulla-imagmg agent meta-iodobenzylguanidine (MIBG) is concentrated 

byy various tumours of neuroectodermal origin. Radio-iodinated [1311 ]MIBG is therefore 

increasinglyy used for diagnosis and therapy of these disorders. To study the cause of 

thrombocytopeniaa associated with [131I]MIBG therapy, we investigated the uptake of 

MIBGG in human platelets in comparison with that of serotonin. Specific imipramine-

sensitivee uptake of [^IjMIBG was much slower than of [3H] serotonin, but after 

prolongedd incubation high and serotonin-equivalent uptake levels were observed. 

Accumulationn of MIBG saturated at 10- to 100-fold higher concentration than 

serotonin,, and the affinity for uptake and intracellular storage in platelets was 

muchh higher for serotonin than for MIBG. Conversely, serotonin was not detectably 

concentratedd by neuro-adrenergic Uptake-1 in SK-N-SH neuroblastoma and PC12 

pheochromocytomaa cells. Fluvoxamine inhibited the uptake of norepinephrine and 

MIBGG in PC12 cells, similarly to that of serotonin in platelets. 

However,, the drug was 100-fold more effective in inhibiting platelet transport of 

MIBGG than of serotonin. The results indicate that MIBG uptake in platelets is not 

mediatedd by a neuro-adrenergic Uptake-I, but probably proceeds via the serotonin 

transportt system. MIBG concentration by platelets was at least as efficient as in 

neuro-adrenergicc tumour cells and has therefore (radio)biological potential for 

injuringg these cells or precursor megakaryocytes. Platelet uptake of MIBG could be 

selectivelyy blocked by fluvoxamine in concentractions which minimally affected its 

accumulationn in neuro-adrenergic cells. 

©79933 Wiley-Liss, Inc 
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INTRODUCTION N 
MIBGG combines structural features of the neuron-blocking agents bretylium and guanethidine 

(Wielandd ef al. 1980). It was originally developed as an adrenomedulla-imaging agent which 

alsoo accumulates in other normal and neoplastic tissues of neuro-adrenergic origin by active 

Uptake-I,, the neuronspecific (re)uptake mechanism of catecholamines (Jaques ef al., 1984; Smets 

eff al., 1991; Lashford et al., 1991). Radioiodinated MIBG is increasingly used in the diagnosis 

andd treatment of tumours of neuro-adrenergic origin, notably pheochromocytoma and 

neuroblastomaa (Sisson and Wieland, 1986; Hoefnagel ef al., 1987;Tronconeef al, 1990) Various 

otherr neuralcrest-derived tumours such as carcinoids and medullary thyroid carcinoma can be also 

portrayedd by [123l]- or [131 l]MIBG scintigraphy, albeit with lower specificity and sensitivity (Hoefnagel 

etet al., 1987). The mechanism of MIBG uptake in these tissues has not yet been well established. 

MIBGG may share with catecholamines the property of being concentrated by a serotonin uptake 

system,, as suggested for the parent drug guanethidine (Bouillin and O'Brien, I969; Sneddon, I973) 

orr utilize catecholamine-specific Uptake-I {Graefe and Bönisch, 1988). 

Concentrationn of MIBG by human platelets albeit at a much slower rate than serotonin, has 

beenn documented {Feldman ef al., 1984; Guilloteau ef al., 1988). Thrombocytes may therefore 

servee as a suitable model system to investigate uptake of the radiopharmaceutical in non-neuro-

adrenergicc tumours which accumulate monoamines. Moreover, thrombocytopenia is often an 

isolatedd and sometimes therapy-limiting toxic side-effect of targeted radiotherapy with [131 l]MIBG 

(Voutee ef al., 1988). Therapy-induced thrombocytopenia occurred in 31 of 53 [,31I]MIBG -treated 

patients,, and is not clearly correlated with the degree of MlBG-storing tumour deposits within 

thee bone marrow, or with the whole-body radiation dose (Hoefnagel ef al., 1992), Direct toxic 

effectss of radiolabelled MIBG, concentrated in thrombocytes or progenitor megakaryocytes, 

havee therefore to be considered. 

Earlierr studies (reviewed by Sneddon, 1973; Stahl and Meltzer, 1978) have established the 

loww affinity and consequent less efficient uptake of various catecholamines in platelets compared 

withh the natural subtrate serotonin. Similar findings with regard to the kinetics of MIBG uptake 

(Feldmann ef al., 1984; Guilloteau ef al., 1988) would exclude the possibility that platelets 

accumulatee MIBG in harmful amounts during clinical application. On the other hand, low substrate 

affinityy might be characteristically associated with increased Vmaxof the serotonin transporter, in 

analogyy with the parallel changes in Km and Vmaxof a variety of substrates of the neuronal 

Uptake-II system (Graefe and Bönisch, I988). Consequently, total net uptake of MIBG in vivo may 

welll be much higher than suggested by kinetic studies in vitro during [,31I]MIBG therapy, where 

plateletss are exposed for prolonged periods at elevated concentrations of the radiopharmaceutical 

(( > 10"7 M, see "Discussion"). We have therefore re-examined MIBG uptake and storage in human 

plateletss in the conditions of exposure time and molar concentrations prevailing during [1311 ]MIBG 
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therapyy of neuroblastoma. In addition, transport of MiBG in platelets was compared with that in 

SK-N-SHH neuroblastoma and PC12 pheochromocytoma cells and the condition of selective inhibition 

off MIBG uptake in platelets by fluvoxamme were explored. 

MATERIA LL AND METHODS 
Platelett isolation 

Bloodd (20 to 30 ml) was drawn from healthy volunteers by venapuncture with minimal stasis 

inn 14% (v/v final) citratephosphate-dextrose anticoagulant (0.3% (w/v) citric acid, 2.63% (w/v) 

sodiumm citrate. 2H20, 0.22% (w/v) sodium biphosphate. H20, 2.5% (w/v) glucose H20. The first 

33 ml of blood were discarded and the whole blood was centnfuged at 380 g for 15 min in 

polypropylenee tubes. The platelet-rich plasma (PRP) was collected, and platelet concentration 

wass determined with a Coulter (Hialeah, FL) Counter (type STKS or T660). No glass equipment 

wass used and all steps were carried out at room temperature. 

Uptakee and storage of [3H] serotonin and [131l] MIBG in platelets. 
Experimentss were started by adding 0.5 ml of PRP to Eppendorf vials (2 ml) containing 20 \i\ of 

radiolabelledd serotin or MIBG to a final concentration of 10"8 M (+ 0.1(iCi/ml), and 20 uJ of 

concentratedd inhibitor or vehicle. Samples were incubated at 37  C with gentle shaking. The 

incubationn periods were 15 mm for [3H]serotonin and 2 hr for [131I]MIBG, unless stated otherwise. 

Alll assays were performed in triplicate. After incubation, platelets were quickly spun down 

(16,0000 g for 1 min.), and the incorporated radioactivity was counted by standard beta-( [3H] 

serotonin)) or gammacounting (['31I]MIBG). Saturation of the uptake and mutual inhibition were 

testedd by co-administration of a 10- to 10,000-fold excess of unlabeled substrate or competitor 

respectively.. For retention studies, an excess of unlabelled MIBG, serotonin or tyramine was added 

afterr pre-loading the platelets with [3H]serotonin (108 M, 15 min) or with [131 l]MIBG (108 M, 3 hr). 

Incubationn was continued for 2 hr. and the extent of depletion of stored label was estimated by 

countingg the residual platelet-associated radioactivity. Because of variation in platelet content of 

individuall PRPs, the results of the set of experiments were expressed in % of untreated controls. 

Incorporationn of secrotonin or MIBG by platelets in whole blood was similarly studied, using 50 uJ 

off subtrate with 50 u.1 imipramine or PBS supplemented with 1.25ml of whole blood. After incubation 

(seee above), PRP was prepared and the platelet-associated radioactivity was determined. The 

radioactivityy in 300 ul aliquots of the loosely packed erythrocyte pellet was also measured. To 

minimizee mechanical damage to the platelets, all experiments were performed without 

intercurrentt washings involving centrifugation and re-suspension. To estimate the residual 

extracellularr label, platelets were either spun down immediately after mixing PRP and tracer in 

thee presence of imipramine, or after short-term incubation on ice. 
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Inn both conditions, less than 2% of the administered radioactivity was associated with the 

platelet.. It is to be noted that the final imipramine concentration in the assays (27 u.M) was >20-

foldd higher than in/n vitro studies using cultured cells (Smetsef a/., 1991) in order to compensate 

forr known inhibitor binding to plasma proteins. 

Uptakee in SK-N-SH and PC12 cells. 
SK-N-SHH neuroblastoma and PC12 pheochromocytoma cells were routinely cultured as described 

(Smetss etal., 1991). Two days after seeding in 6- or 12-well cluster dishes containing 3 or 1.5 ml 

completee medium, the uptake studies were performed at densities of approximately 5 x 104 

cellss /cm2. For this, the medium was replaced by a fresh one containing 10~8 M of radiolabelled 

serotonin,, norepinephrine or MIBG {0.07-0.14 u,Ci/ml), with or without selected inhibitor. After 2-

hrr incubation, the cells were washed 3 times with ice-cold PBS and the cell-associated radioactivity 

wass extracted with 0.5 N perchloric acid and normalized for total cellular protein. 

(Radio)) chemicals 
[1311 l]MIBG at a specific activity of approximately 480 MBq/mmol was purchased from Amersham 

Buchlerr {Braunschweig, Germany). L-[7-3H] norepinephrine (422 MBq/mmol) was obtained from 

NENN DuPontde Nemours ('s-Hertogenbosch, The Netherlands). 5-Hydroxy[G-3H] tryptamine creatine 

sulphatee (f3H]serotonin; 259 and 407 MBq/u.mol) was purchased from Amersham Nederland 

(s'Hertogenbosch,, The Netherlands). Imipramine, tyramine, pyrogallol, pargyline, norepinephrine, 

andd 5-hydroxy-tryptaminee were obtained from Sigma (St.Louis.MO). MIBG was synthesized according 

too Wieland et al. (1980). Fluvoxamine maleate was a generous gift from Solvay Duphar (Weesp, 

Thee Netherlands). All compounds were dissolved in saline or PBS. 

RESULTS S 
Uptakee of serotonin and MIBG 

Platelet-richh serum was incubated for increasing periods with 10"8 M [131]MIBG or [3H]serotonin 

withh or without 27 \iM imipramine, the inhibitor of active transport of biogenic amines. The 

resultss of typical experiments with comparable platelet densities revealed rapid and saturating 

uptakee of serotonin which was inhibited by imipramine (Fig. 1a). Uptake of MIBG was much 

slowerr than serotonin and did not level off for 4 or 5 hr (Fig. 1 fa). Specific, tmipramine-sensitive 

uptakee of both compounds was completely inhibited during incubation at C (not shown). 

Saturationn was not caused by progressive platelet desintegration or loss of uptake functions. 

Thiss was assessed in paralell control incubation, in which the number of intact platelets and the 

capacityy of [3H]serotonin uptake remained unchanged for up to 6 hr. At apparent plateau levels, 

plateletss had concentrated as much as 43% or 60% of total added [131I]MIBG or [3H]serotonin 
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FIGUREE 1- Total (closed symbols) and non-specific (open symbols) uptake of [3H]serotonin (a) and 
[ l31 l]MIBG(/b)inn human platelets, incubated in 10~8 M of radiolabelled compound at a density of 180 
too 195 x 106 cells / 0.5 ml plasma for the times indicated. Uptake is expressed in % of added 
radioactivity.. Data are of 4 independent experiments with overlapping incubation periods. 

respectively.. Addi t ion of fresh label resulted in a new round of saturating uptake, w i th 

correspondingg exhaustion of extracellular label. The contribution of non-specific, i.e., imipramine-

insensitivee transport amounted to about 16% of total uptake at the end of both the serotonin 

andd the MIBG incubation (Fig.1). 

Figuree 2 compares the MIBG uptake in platelet-rich plasma wi th that in whole blood, in order 

too mimic the conditions of in vivo exposure, i.e., during clinical [131I]MIBG therapy. The results, 

calculatedd as pmoles per 108 platelets, demonstrated similar uptake in both conditions. As in the 

inin vivo study of Feldman etal. (1984), we did not observe concentration of MIBG by erythrocytes 

inn this set of experiments. Assuming a median platelet volume of 10"14 L (2 to 5 mm diameter; 

cf.. Junqueira and Carneiro, 1980), the total uptake of = 1 pmol of substrate/108 platelets in 4 

00 1 2 3 4 5 6 
Incubationn time (h) 

FIGUREE 2- Comparison of [131I]MIBG uptake in 
platelet-richh plasma (squares) and in platelets 
inn whole blood (triangles). Closed symbols 
representt total uptake and open symbols the 
non-specif icc uptake in the presence of 
imipramine.. For platelet-rich plasma, the mean 

 S.D. of 3 to 10 assays is given (unless smaller 
thann the symbol). The whole-blood values are 
fromm triplicates of a representative experiment 
att identical substrate condition of 0.8 x 10~8 M. 
Thee same proportional uptake was seen in 2 to 
44 additional experiments with whole blood, 
performedd under slightly different conditions 
(0.33 to 0.6 x 10-8M MIBG). 
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hrr would correspond to a 100-fold concentration of MIBG from the initial extracellular tracer 

concentrationn and to a final ratio of the intracellular/extracellular concentration of nearly 200. 

Too estimate the uptake saturating concentrations of serotonin and MIBG, increasing amounts 

off unlabelled drug were added to a fixed concentration of 10~8 M of radiolabelled serotonin or 

MIBG.. The relative uptake levels are depicted in Figure 3. Specific uptake was no longer 

proportionall with substrate concentration at molar concentrations of >10~7 for serotonin and of 

10-66 to 10-5 M for MIBG, indicating at least a 10-fold difference in the apparent V 

Relativee affinity for uptake and storage 

150 0 FIGUREE 3- Saturation inhibition of the specific 
uptakee of [3H]serotonin (closed bars) or [131I]MIBG 
(openn bars), each by addition of unlabelled 
substratee at the indicated concentrations to a fixed 
concentrationn of 10~8 M of radiolabelled substrate. 
Specificc uptake is expressed in percent of controls 
(noo addition) as mean values  S.D. of 3 to 5 
independentt experiments. 

Substratee concentration (M) 

Too probe the relative affinities of platelet uptake for MIBG and serotonin, mutual inhibition 

wass tested (Fig. 4). The MIBG uptake (at 10"8 M) was not affected by 10~6 M unlabelled serotonin, 

butt reduced by 10~4 M down to the level of non-specific uptake (14%). Conversely, a 10,000-

foldd excess of unlabelled MIBG (10~4 M) failed to inhibit [3H] serotonin uptake. 

AA similar difference was noted with regard to the displacement from intracellular storage 

FIGUREE 4- Mutual inhibition of [3H]serotonin 
uptakee in platelets by unlabelled MIBG at 
indicatedd molar concentration (closed bars) and 
off [131I]MIBG by unlabelled serotonin (open bars). 
Totall uptake is given in percent of controls, 
incubatedd with 10~8M of radiolabelled substrate, 
ass mean values  S.D. of 3 independent 
experiments. . 

Inhibitorr concentration (M) 
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sites.. Depletion studies, summarized in Table I, revealed that the sympathomimetic drug tyramine 

inn high concentration effectively displaced stored [131I]MIBG but not [3H]serotonin. Unlabeled 

MIBGG at 10"4 M only slightly diminished the amount of platelet-bound [131I]MIBG, but did not 

affectt [3H]serotonin levels. Conversely, an excess of unlabelled serotonin removed over 50% of 

bothh labels from granular stores. 

Experimentss similar to those in Table I were performed with the uptake inhibitor imipramine 

too prevent re-uptake of released label. Chasing of platelets, pre-loaded with [3H]serotonin or 

Tablee I Depletion of platelets from stored [3H]serotonin or [131I]MIBG by an excess of tyramine, 
serotoninn or MIBG 

Chasee conditions Residual platelet-associated radioactivity1 

[131I]MIBGG [3H]serotonin 

Tyramine e 
10"6MM 90 3 88 5 
10-4MM 27 + 15 93  5 

MIBG G 
10bMM 101  6 9 7 + 4 
10-** M 79 2 100  5 

Serotonin n 
10"6MM 98  5 103  9 
10"4MM 37  8 45  13 

11 Platelets were incubated with radiolabelled substrate for 15min ([3H]serotonin) or 3 hr ([131I]MIBG) 
too attain near-plateau levels of uptake and subsequently chased by addition of unlabelled tyramine, 
MIBGG or serotonin to indicate final concentrations. Platelet radioactivity was determined after 2 hr 
off chase and expressed in percent of controls (= 2 hr chase with saline). Values are mean  S.D. of 
33 independent experiments. 

[131I]MIBG,, with 27 (iM imipramine had no effect on pre-existing drug levels. Moreover, these 

remainedd stable for several hours (data not shown), thus indicating that retention of either drug 

wass based mainly on granular sequestration and not on efficient recycling, as described for 

MIBGG in granule-poor SK-N-SH neuroblastoma cells (Smets et al., 1990). 

Serotoninn and Uptake-I 
Too probe the affinity of serotonin for neuro-adrenergic Uptake-I, SK-N-SH neuroblastoma and 

PC122 pheochromocytoma cells were incubated with radiolabelled serotonin, norepinephrine or 

MIGB,, with or without imipramine. In parallel experiments, incubations were performed in the 

presencee of pargyline or pyrogallol to inhibit intracellular degradation by monoamine oxidase 

andd catechol-0-methyl transferase, respectively, as described by Smets era/., (1990, 1991). Figure 

55 shows that in SK-N-SH cells, which contain few storage granules, highest specific uptake was 
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demonstratedd for [13,I]MIBG, whereas significant uptake of NE was observed only during 

concomitantt inhibition of its intracellular degradation by pyrogallol. Specific uptake to serotonin, 

however,, was negligible even in conditions to protect intracellular degradation with pargyline 

orr pyrogallol. Similar observations were made in granule-rich PC12 cells (not shown). Apparently, 

serotoninn is a weak substrate for the "pure" neuro-adrenergic Uptake-I system of SK-N-SH and 

thee combined plasma-membrane and granular transport mechanisms of PC12 cells. 

FIGUREE 5- Specific uptake of [,31I]MIBG, 
[3H]norepinephrinee (NE) and [3H]serotonin in 
SK-N-SHH neuroblastoma cells. Cells were 
incubatedd for 2 hrwith 10~8 M of radiolabelled 
substratee with 16 uM pyrogallol (open bars), 
266 uM pargyline (hatched bars) or without 
(closedd bars) inhibitors. Values are expressed 
ass pmol/mg cellular protein after correction for 
non-specificc uptake. Data are from triplicates 
off a representative experiment, confirmed by 
aa repeat experiment under slightly different 
conditions. . 

Too further discrimate between catecholamine transport in platelets and neuro-adrenergic cells, 

inhibitionn by fluvoxamine, a selective inhibitor of serotonin re-uptake (Claassen etal, 1977), was 

investigated.. The inhibition profile of fluvoxamine was roughly similar for serotonin uptake in 

plateletss and catecholamine transport in PC12 cells (Table II). MIBG uptake in platelets, however, 

wass much more sensitive to the drug than in PC12 cells. Fluvoxamine at 10'5M fully blocked the 

specificc transport of all substrates in both cell systems. Under these conditions, the residual uptake 

(inn % of the untreated controls) was similar to non-specific uptake determined in control incubations 

withh imipramine, being generally higher with MIBG than with the other substrates. 

DISCUSSION N 

Thrombocytopeniaa in the predominant haematological side effect encountered in [131 l]MIBG 

treatmentt of neuroblastoma, sometimes causing unwanted delay between successive therapy 

coursess (Voute et ai, 1988). The present study was initiated to evaluate total platelet uptake, 

underr conditions of exposure time and drug concentration as occurring during [131 l]MIBG therapy, 

ass the possible cause of the selective haematotoxicity. It is well realized that these experiments 

measuredd overall accumulation rather than true initial uptake rates. Moreover, the uptake 

Effectss of fluvoxamine 
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Tablee II Inhibition of the uptake of MIBG, serotonin and norepinephrine (NE) by fluvoxamine in 
plateletss and PC 12 pheochromocytoma cells 

Fluvoxamine e 
10"8M M 
10"7M M 
10"6M M 
10"5M M 

Uptakee of radio!; 

Platelets s 

[3H]serotonin n 

1022  5 
711 1 
144  5 
44  1 

[,31I]MIBG G 

533  5 
222  5 
2 1 + 3 3 
1 9 + 3 3 

ibelledd substrate u 

[3H]NE E 

n.d, , 
844  13 
299  5 
1 9 + 2 2 

PCC 12 Cells 

[131I]MIBG G 

844  4 
922  6 
477 + 8 
133  4 

11 Uptake is expressed as % of vehicle-incubaied controls. Mean values  S.D. (n=3) are given. 
22 Incubation with serotonin was for 15 to 30 min and for 2 hr with MIBG and NE. 

measuredd in intact platelets included efficient intracellular drug binding by granular sequestration, 

beingg clearly different from true kinetic studies with isolated membranes of storage granules. 

Thesee limitations would not, however, compromise the main objectives of the present study. 

Plateletss were able to concentrate large and serotonin-equivalent amounts of administered 

[1311 l]MIBG, but only after prolonged incubation (Fig. 1, 2). This observation is in striking contrast 

withh other studies, suggesting 1 5 to 250-fold more uptake of serotonin than of MIBG (Feldman 

etet ai, I984; Guilloteau et a/., I998). In these studies, however, substrate concentrations were 

nott stated or uptake was measured at markedly different substrate concentrations. On the 

otherr hand, our estimate of 100- to 200-fold concentration of MIBG by platelets over 

extracellularr levels in vitro compares well with the 145-fold concentration in platelets over 

erythrocytess observed in vivo, 24 hr after [13M]MIBG administration (Feldman et al., I984). In 

fact,, platelets appeared equally competent in concentrating MIBG as neuro-adrenergic SK-N-

SHH tumour cells, and are probably superior in long-term retention of the radiopharmaceutical. 

Comparedd with serotonin, the platelet uptake of MIBG was much slower and the affinity for 

uptakee (Fig. 3) and storage (Table I) was significantly lower. Serotonin uptake saturated between 

10-10-77 and 106 M, in agreement with Km values of 0.1-0.5 x 106 M reported for the serotonin 

uptakee in HeLa cells expressing the transfected serotonin transporter of rat brain (Blakely etal., 

1991),, and in nerve tissue or platelets (Sneddon, 1973; Stahl and Meltzer, 1978). It is to be 

notedd that we did not take into account the endogenous serotonin concentration of individual 

plasmaa samples. Correction for this, however, would not have changed the results, since circulating 

serotoninn levels do not normally exceed 6 nM and serotonin uptake was proportional with 

substratee levels up to 10-7 M. On the other hand, MIBG accumulation did not clearly saturate at 

10~55 M, suggesting 10-to 100-fold lower binding avidity than serotonin. In this respect, MIBG 
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closelyy resembled the seemingly unsaturable uptake of the parent drug guanethidine in human 

plateletss (Bouillin and O'Brian, 1969). 

Whetherr catecholamines such as dopamine and NE (and for that matter MIBG) share with 

serotoninn a common uptake carrier in platelets, or utilize a different pathway, analogous to 

Uptake-II of neuro-adrenergic cells, has been the subject of considerable debate {Sneddon, 1973; 

Stahll and Melzer, 1978). Compared with MIBG, serotonin lacked significant affinity for Uptake-I in 

SK-N-SNN and PCI 2 cells, confirming that it is a poor inhibitor of MIBG uptake in these cells 

(Lashfordd ef ai, 1991) and of [3H]norepinephrine uptake by adrenergic nerves {Sneddon, 1973) 

orr HeLa cells, expressing the transfected norepinephrine transporter of human neuroblastoma 

(Pacholczykefa/.,, 1991). 

Conversely,, serotonin effectively competed with MIBG for accumulation in platelets (Table I), 

andd fluvoxamine was about 100-fold more potent in inhibiting MIBG uptake in platelets than in 

PC122 cells (Table II). These differences in substrate specificity, on the one hand and in sensitivity 

too fluvoxamine, on the other, favour the view that MIBG utilizes the serotonin transporter rather 

thann an Uptake-I equivalent system for accumulation in platelets. Definite proof of this conclusion 

awaitss studies on the expression of carrier-specific genes in the various systems and their function 

inn transfected cells (Blakely et a/., 1991; Pacholczyk ef ai, 1991). If the conclusion is confirmed, 

MIBGG can be considered as promiscuous for the 2 related but different monoamine transporters, 

i.e.,i.e., serotonin and norepinephrine. 

Thee reported selectivity of fluvoxamine in inhibiting serotonin (re)uptake relative to 

norepinephrinee in rat brain synaptosomes (Claasen ef el., 1977) was not confirmed in our 

observationn of comparable effects on serotonin uptake in platelets and norepinephrine 

accumulationn in PC12 cells. This discrepancy may be associated with the differences in the test 

systems,, including binding of drug to plasma proteins. Fluvoxamine at 10~5 M, however, 

completelyy inhibited specific uptake of serotonin and MIBG in human platelets, similar to the 

observationss of Guilloteau ef ai (1988). In contrast, fluvoxamine did not inhibit norepinephrine 

uptakee in human platelets (Guilloteau ef ai, I988) or rat brain synaptosomes (Claassen ef a/., 

1997).. The inhibitory effect of (low) concentrations of fluvoxamine on platelet uptake of MIBG, 

therefore,, provides an additional argument that MIBG utilizes predominantly the serotonin 

transporter.. From a practical point of view, it is of interest that pharmacologically relevant levels 

off fluvoxamine (10-7 M) could selectively reduce MIBG uptake in platelets with minimal effects 

onn its uptake in the true target, i.e., neuro-adrenergic cells. Fluvoxamine and related drugs are 

thereforee potential candidates for selective blockage of MiBG uptake in platelets. 

Duringg [131I]MIBG therapy, plasma MIBG levens may vary between 0.03 and 1 (iM for 4-hr 

infusionn conditions or push injections respectively (R.Huiskamp, personal communication; also 

deducedd from Sisson and Wieland, 1986; Lashford ef ai., 1988; Fielding ef a/., 1991) According 

too the present measurements, short-time infusions of 3.7 to 7.4 GBq [13,I]MIBG can result in 
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platelett loading levels of at least 10~5 M, corresponding with a radioactive concentration of 

aboutt 4,4 MBq/ml of packed platelets. Such levels can persist for several hours. Apart from 

clinicall responses, radiotoxic effects of accumulated [135l] - and [125I]MIBG have been recorded 

inn animal tumours (Rutgers et al., 1991) and neuro-adrenergic cell systems (Guerreau et al., 

1990).. Furthermore, the compound MIBG itself is known to cause mitochondrial damage in |iM 

concentrationss and is therefore cytotoxic in various cell systems (Loesberg et al., 1990. It is as 

yett uncertain whether MIBG can exert similar toxic effects in platelets. 

Mostt of the energy of 607 KeV electrons from [131]l-decay will be dissipated outside the small 

volumee of platelets, which in any case lack a radiosensitive nucleus. Moreover, rapid sequestration 

inn storage granules most probably protects against mitochondrial damage by scavenging the 

drug.. In fact, the delayed appearance of thrombocytopenia after [131I]MIBG therapy and its 

progressivee severity in patients previously treated with radio- or chemotherapy, suggests an 

earlierr cause, most likely by damage to the progenitor megakaryocytes. It has been demonstrated 

thatt megakaryocytes are as potent as platelets in concentrating various monoamines (Schick and 

Weinstein,, 1981; Daimon and David, 1986), and contain a radiosensitive nucleus (Tanum, 1984). 

Inn conclusion, although [13,I]MIBG has both radiobiological and pharmacological potential 

forr damaging platelets, the precursor megakaryocytes are more likely to be the targets of clinical 

MIBGG toxicity. Further characterization of MIBG uptake by serotonin transporters in platelet 

precursorss and serotonergic tumours is required for its optimal use as a therapeutic agent and 

forr protection against haematological side effects. 
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