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Introduction
Parkinson´s disease (PD) and multiple system atrophy (MSA) are clinically characterized by extrapyramidal rigidity, bradykinesia, tremor, autonomic failure and cerebellar ataxia. However, PD patients are generally more L-dopa responsive and have more prominent rest tremor than MSA patients. Generally, MSA is poorly responsive to L-dopa and when the parkinsonism syndrome and autonomic failure predominate, these pathologies are referred to as the Shy-Drager syndrome. The autonomic failure tends to be present later than PD and MSA, and unlike these two conditions it is not associated with extrapyramidal rigidity or other neurological signs. The Steele-Richardson-Olzewski syndrome or progressive supranuclear palsy (PSP) is characterized clinically by axial rigidity, a supra-nuclear vertical gaze palsy, striatal bulbar dysfunction and "sub-cortical" dementia [1-3]. MSA and PSP are sometimes designed Parkinson plus syndromes.
Although PD is pathologically quite distinct from MSA and PSP, it can be difficult at times to distinguish these conditions clinically. They are all associated with an akinetic-rigid syndrome due to a profound loss of striatal dopamine. It would be advantageous to have additional means for distinguishing the various akinetic-rigid syndromes, given the diagnostic difficulties that can arise from clinical assessment alone.
With the introduction of radioligands with a high selectivity for D2 dopamine receptors (RD2), in vivo assessment of the postsynaptic D2 receptor density in the human brain has become possible. It has been shown that these receptors may be visualized and reliably quantified using [image: image1.png][1237]



-iodobenzamide ([image: image2.png][1237]



-IBZM) and single photon emission computed tomography (SPECT). SPECT with [image: image3.png][1237]



-IBZM (the first RD2 radioligand for SPECT use) has demonstrated intact dopamine D2 receptors in PD [4]. In contrast, patients with parkinsonism plus syndromes have revealed decreased striatal dopamine RD2 [5-8].
Later, others radioligands were synthesized for possible applications in SPECT studies. In fact, [image: image4.png][76Rr]



-bromolisuride ([image: image5.png][76Rr]



-BLIS), an ergolene derivative, has been developed as a PET tracer for the visualization of RD2. The iodine analogue of bromolisuride, iodolisuride, has been labelled with iodine-123 for SPECT application and has turned out to possess binding characteristics similar to those of [image: image6.png][76Rr]



-BLIS [9, 10]. In vitro, [image: image7.png][1237]



-iodolisuride affinity for D2 receptors on rat striatal membranes is high ([image: image8.png]


 = 0.27 nmol/l) [11]. Biodistribution studies have confirmed that [image: image9.png][1237]



-ILIS concentrated in rat striatum, the brain area with the highest density of dopamine receptors [12]. The striatal binding can be inhibited by spiperone, a specific D2 receptor antagonist, but not by dopaminergic D1 (SCH23390), serotoninergic 5HT2 (ketanserine), alpha-1 adrenergic (prazosine) or alpha-2 adrenergic (yohimbine) ligands. This has demonstrated the high selectivity of [image: image10.png][1237]



-ILIS binding to RD2 [13].
The aim of our study was to validate the clinical use of [image: image11.png][1237]



-ILIS with different regular [image: image12.png]


-cameras. Additionally it intended to confirm the good tolerance of this radiopharmaceutical and to clarify its utility in the diagnosis of degenerative extrapyramidal system lesions, particularly PD and other extrapyramidal syndromes caused by striatal lesion.
 

Material and Methods
Patients: The study received the agreement of two local Ethics Committees (Comité de Protection des Personnes en Recherche Biomédicale de Tours, France - 11/18/1994 and Comissão de Ética dos Hospitais da Universidade de Coimbra, Portugal - 08/13/1995). Forty five patients, 28 male and 17 females, distributed by the two centres, were included after informed and written consent. On them 68 Spect studies were performed. The patients were divided into two groups: group I - 28 patients with PD, mean age 66.8±3.5; and group II - 17 patients with other extrapyramidal syndromes like PSP or MSA, mean age 57.5±7.1 Classification into the two groups was performed on the basis of (1) initial clinical examination (Hoehn Yahr Scale and Unified Parkinson´s Disease Rating Scale, UPDRS), (2) clinical response after 3 to 6 months dopa therapy, (3) disease evolution after a 6 months clinical follow-up. All patients had a normal CT scan. Dopa therapy was interrupted two days before the SPECT study while neuroleptics were stopped seven days before.
Radioligand: The RD2 ligand used was the 2-iodo-[image: image13.png][1237]



-lisuride ([image: image14.png][1237]



-ILIS). It was prepared from lisuride, with the tributyl stannous derivative as intermediate by CIS Biointernational* (Gif sur Yvette, France). The mean radiochemical purity was 92.7% at Tours and 89.1% at Coimbra. The specific activity was 75´ 106 GBq/M. 1.7 to 2.8 MBq of [image: image15.png][1237]



-ILIS were slowly injected (over 3 minutes) through an intravenous catheter (0.02 - 0.07 ng/kg of body weight). Potassium perchlorate (400 mg) was given orally 15 minutes before [image: image16.png][1237]



-ILIS administration. Heart rate and blood pressure were monitored 5 minutes before and 15 and 20 minutes after injection.
Imaging: The aim of this study was to validate the use of the radioligand [image: image17.png][1237]



-ILIS with regular [image: image18.png]


-cameras existing in nuclear medicine departments by using a Ceraspect* [image: image19.png]


-camera as reference device. In this way the imaging acquisition was performed with the following systems of regular [image: image20.png]


-camera: with one, two or three heads, respectively GE 400 AC*, equipped with a parallel high resolution collimator ([image: image21.png]


-camera A), Hélix Elscint* equipped with fan beam collimators ([image: image22.png]


-camera B) and Neurocam GE* ([image: image23.png]


-camera C) equipped with three detectors and a crystal annular detector, Ceraspect - Digital Scintigraphics Inc.* equipped with iodine-123 collimators ([image: image24.png]


-camera D). Table 1 shows the characteristics of the acquisition processes. 8 patients were imaged with [image: image25.png]


-camera A, 7 patients with [image: image26.png]


-camera B, 4 with the [image: image27.png]


-camera D, 15 patients with [image: image28.png]


-cameras A and C ([image: image29.png]


-cameras used by the portugueses authors) and finally 11 patients with [image: image30.png]


-cameras B and D ([image: image31.png]


-cameras used by the french authors). All patients were positioned in order to place the orbito-meatal plane perpendicular to the rotation axe.
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Table 1 - g-cameras used and characteristics of acquisition process.


The acquisition begun 45 min to 3.5 hr post-injection (p.i.). However, the studies done by Loc’h et al. showed a half-life for [123I]-ILIS on the striata about 20 hr (personal communication).
The tomographic reconstruction accomplished in Coimbra (GE 400 AC* and Neurocam GE*), was achieved with a filtered back projection algorithm and a 0.5 cycles/pixel cut off frequency using a Hanning filter without attenuation correction. The SPECT reconstruction was achieved using a filtered back projection algorithm with a Metz filter (with a 0.16 cycles/pixel cut off frequency) and a Chang attenuation correction and Metz filter with the acquisitions obtained from Hélix Elscint*. The images obtained with the Ceraspect* were reconstructed with a filtered back projection algorithm with a Butterworth filter (order 10 and a 0.16 cycles/pixel cut off frequency) also applying a Chang attenuation correction (table 2).
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Table 2 - g-cameras used and characteristics of reconstruction protocols.


 

Image analysis: SPECT evaluation consisted of visual inspection and semi-quantitative analysis. This was required for parametrization of density and availability. 
The images, studied using transverse slices at the striatal level, were classified into three types, defined based upon the striata and/or cerebral cortex visualization:
Type 1 - visible striata and non-visible cortex
Type 2 - non-visible striata and visible cortex
Type 3 - visible striata and visible cortex
It was expected that types 1 and 3 were associated to group I and types 2 and 3 to group II. Nevertheless, attention should be paid concerning the [image: image34.png]


-camera used and the slices displayed. (Fig.1)
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Figure 1 - Examples of the three types of SPECT transverses slices obtained with each of the g-cameras used in this study.


For semi-quantitative analysis required for evaluation of receptor density or availability, regions of interest (ROI) representing specific and non-specific binding areas were drawn. The parameters currently used for the semi-quantitative assessment of dopamine RD2 are various and differ according to the delineation of the striatal ROI and the choice of the reference ROI. In the case of RD2 receptors, the specific binding area is mainly the striatum, including the head of the caudate nucleus and the putamen. The non-specific binding areas are usually represented by the cerebellum, the frontal or the occipital cortex or the thalamic nuclei. Unfortunately, the field of view of the Ceraspect* didn’t allow all the brain and the cerebellum to be imaged. In consequence, for this semi-quantitative analysis we have chosen for non-specific region, the frontal cortex. The volumetric and surface ROI were defined over the basal ganglia (caudate nucleus and putamen) and the frontal cortex. The reference ROI used were drawn at the level of the basal ganglia. The mean activities per pixel were calculated for all structures and several ratios between striatal and reference ROIs, i.e. global striatum/frontal cortex (S/FC) and right and left striatum/frontal cortex [(S/FC)]R and [(S/FC)]L were determined. The mean value of these parameters was calculated in both groups and the data compared by Student´s t test. Correlations were sought between the ratios obtained in all patients and were evaluated by p coefficient.
 

Results
Tolerance: Heart rate and blood pressure were not significantly modified by [image: image36.png][1237]



-ILIS injection, and therefore, are not reported in detail.
Scintigraphic image interpretation: At each Center, independently of the g-camera used, all SPECT images obtained presented good quality and were interpretable. The results obtained, after the analysis of axial SPECT slices by two different observers, showed that in group I, 45 over 45 images belonging to type 1 or 3, with 26 over 45 images belonging to type 1 and 19 over 45 images classified as type 3. In group II, 18 images over 23 were classified as type 2 or 3 and 5 images over 23 were classified as type 1 (table 3).
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Regarding the quantitative analysis of the results, the S/FC ratios were always higher in parkinsonic patients (group I). Depending on the [image: image38.png]


-camera used this ratio decreased from 13.6% to 31.3% in group II (table 4).
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Table 4 - Quantitative analysis (S/FC) as a function of the g-camera used (SD = standard deviation). 


 

Discussion
The dopaminergic system was the first neurotransmission system in which it was possible to image receptors, stored neurotransmitters and neurotransmitter re-uptake mechanisms. Research on RD2 has considerably developed because of the availability of several neuroleptics acting as selective receptor antagonists. Further, research on the development of more specific D2 ligands has shown the potential of other series of dopamine antagonists, such as benzamide and ergolene analogues. Among the benzamides, iodobenzamide was labelled with iodine-123 and successfully used for selective analysis of central RD2 by SPECT. Among the ergolene derivatives, the dopamine agonist lisuride showed a high affinity to dopamine D2 receptors with only negligible binding to dopamine D1, serotonin or beta-adrenergic receptors. However, the iodine analogue iodolisuride acts as a dopamine RD2 antagonist and [image: image40.png][1237]



-ILIS becomes a suitable radioligand for SPECT examinations. Nevertheless, more comparative studies are needed to demonstrate whether [image: image41.png][1237]



-ILIS has advantages over [image: image42.png][1237]



-IBZM as a dopamine RD2 imaging radioligand.
The aims of this study were: (1) - to confirm the good tolerance of the radioligand used: this was fulfilled since none of the patients showed undesirable reactions; (2) - to provide in vivo scintigraphic imaging of the striatum RD2 whatever the model of g-camera used: the SPECT images obtained with different generations of g-cameras showed good quality and the injected product was well fixed on RD2; (3) - to enable the quantification of RD2 concentration: an universal index could not be obtained because S/FC ratios changed according to the type of g-camera used; nevertheless, for each model of g-camera, it was possible to obtain a distribution into the two groups of patients; (4) - to demonstrate the value of the SPECT using [image: image43.png][1237]



-ILIS for the differential diagnosis of extrapyramidal system degenerative disease: under the technical and clinical conditions of our study, our findings suggest that we can differentiate patients with PD from patients with other extrapyramidal syndromes.
[image: image44.png][1237]



-ILIS was first used by Chabriat et al. to evaluate the dopamine D2 receptors in supra-nuclear palsy [14], by Chiron et al. to quantify the D2 receptors in young patients with Rett syndrome [15] and by Cordes to study six patients with Parkinson disease [16]. The receptors density quantification is based on a model developed by Yale et al [17]. The specific/non-specific ratio is equal to the binding potential ([image: image45.png]Bl Ka



) if two conditions are accomplished: (1) - a stable equilibrium association/dissociation throughout the acquisition scan; (2) - a negligible non-specific binding. In fact, the animal studies showed a higher fixation on the cerebellum and on the cortex for the [image: image46.png][1237]



-IBZM than for the [image: image47.png][1237]



-ILIS: 0.157± 0.021%, 0.950± 0.011% and 0.022± 0.005%, 0.017± 0.003%, for the [image: image48.png][1237]



-IBZM and the [image: image49.png][1237]



-ILIS, respectively [18]. This poor concentration of [image: image50.png][1237]



-ILIS on the cerebellum and on the cortex should correspond to a small non-specific binding. 
In the present work, [image: image51.png][1237]



-ILIS was used on a large population of patients with idiopathic Parkinson's disease and patients with extrapyramidal syndromes of other origin. The results obtained suggest that [image: image52.png][1237]



-ILIS is able to differentiate patients with altered or decreased post-synaptic D2 receptors from those with intact receptors.
[image: image53.png][1237]



-IBZM is accepted as the ligand of choice for D2 receptor imaging by SPECT [19-20]. In our experience using the same imaging technique and the Hélix Elscint* g-camera, the S/FC ratio in patients with intact D2 receptors is higher with [image: image54.png][1237]



-ILIS (S/CF=2.32±0.27, in this study) than with [image: image55.png][1237]



-IBZM (S/CF=1.87±0.15, personal data). Thus, supporting the extrapolation of results in patients and comparison to normal results with Ilis that could not be obtained for this study. In terms of striatal and frontal cortex contrast, [image: image56.png][1237]



-ILIS could be considered as a better imaging agent than [image: image57.png][1237]



-IBZM [21]. This difference between the two radioligands could be due to the higher affinity of the [image: image58.png][1237]



-ILIS ([image: image59.png]


=0.24 nmol/l and 0.43 nmol/l for [image: image60.png][1237]



-ILIS and [image: image61.png][1237]



-IBZM, respectively). Yet, with the index dependence of the [image: image62.png]


-camera used, the correlation between the semi-quantitative ratios and the scores obtained for the UPDRS should not be possible. Recently, Müller et al. studied 15 de novo patients with Parkinson's disease and found that the striatal binding could be related to the severity of the disease [22]. They suggested that [image: image63.png][1237]



-ILIS could bind to the pre-synaptic dopaminergic striatal self-receptor. This hypothesis could also explain the fact why ILIS binding is significantly less affected than IBZM binding in rat after quinolinic acid excitatory post-synaptic lesion and haloperidol inhibition [23].
 

Conclusion 
The results obtained showed that [image: image64.png][1237]



-ILIS as other radiotracer as [image: image65.png][1237]



-IBZM is able to provide functional information about the striatal dopaminergic synapse in patients with extrapyramidal degenerative disease. This information can be qualitative or quantitative. Unfortunately, the index dependence of the g-cameras used does not enable the gathering of an universal value for this parameter. The clinical use of [image: image66.png][1237]



-ILIS will require therefore the normalization and standardization of the imaging and data processing procedures.
Acknowledgements
This work was support by EUREKA projects EU781 Ligands. We thank the Nuclear Department of HUC from Coimbra, Portugal for its helpful contribution.
 

References
1. Quinn N. Multiple system atrophy - the nature of the beast. J Neur Neurosu and Psy, Special Supl 1989, 78-89.
2. Brooks DJ, Frackowiak RSJ. PET and movement disorders. J Neur Neurosu and Psy, Special Supl. 1989, 68-77.
3. Brooks DJ, Salmon EP, Mathias CJ, Quinn N, Leenders KL, Bannister R, Marsden CD, Frackowiak RSJ. The relationship between locomotor disability, autonomic dysfunction, and the integrity of the striatal dopaminergic system in patients with multiple system atrophy, pure autonomic failure and Parkinson’s disease, studied with PET. Brain 1990, 113: 1539-1552.
4. Schwarz J, Tatsch K, Arnold G, Ott M, Trenkwalder C, Kirsch CM, Oertel WH. [image: image67.png]1231



-iodobenzamide-SPECT in 83 patients with de novo parkinsonism. Neurology 1993, 43: S17-S20.
5. Tatsch K, Schwarz J, Oertel WH, Kirsch CM. SPECT imaging of dopamine D2 receptors with [image: image68.png]1231



-IBZM: initial experience in controls and patients with Parkinson’s syndrome and Wilson’s disease. Nucl Med Comm 1991, 12: 699-707.
6. Schulz JB, Klockgether T, Petersen D, Jauch M, Muller-Schauenburg W, Spieker S, Voigt K, Dichgans J. Multiple system atrophy: natural history, MRI morphology and dopamine receptor imaging with [image: image69.png]1231



BZM-SPECT. J Neur Neurosu and Psy 1994, 1047-1056.
7. Van Royen E, Verhoeff NFLG, Speelman JD, Wolters EC, Kuiper MA, Janssen AGM. Multiple system atrophy and progressive supranuclear palsy: diminished striatal D2 dopamine receptor activity demonstrated by [image: image70.png]1231



-IBZM single photon emission computed tomography. Arch Neurolology 1993, 50: 513-516.
8. Arnold G, Tatsch K, Oertel WH, Vogl T el al. Clinical progressive supranuclear palsy: differential diagnosis by IBZM-SPECT and MRI. J Neural Transm 1994, 42 (suppl): 111-118.
9. Mazière B, Loch’h C, Hantraye P, Stulzaft O, Martinot JL, Syrota A, Mazière M. PET imaging of D2 receptors in the living baboon and human brain in normal and pathological conditions using 76Br-Bromolisuride Neuropsychopharmacology 1990, 409-417.
10. Loc’h C, Bourguignon M, Mazière B, Stulzaft O, Ottaviani M, Hantraye P, Chabriat H, Raynaud C, Syrota A, Mazière M. [image: image71.png]1231



-iodolisuride, un nouvel agent pour l’étude des récepteurs dopaminergiques D2 par tomographie d’émission monophotonique (SPECT). J Med Nucl Biophy 1992, 15: 420-427.
11. Loc’h C, Mazière B, Raynaud C, Bourguignon M, Hantraye P, Stulzaft O, Syrota A, Mazière M. SPECT imaging of dopaminergic D2 receptors with [image: image72.png]1231



-iodolisuride ([image: image73.png]1231



-ILIS). Eur J Nuc Med 1989, 15: 403.
12. Mazière B, Loc’h C, Bourguignon M, Raynaud C, Hantraye P, Martinot J.L, Syrota A, Mazière M. PET and SPECT imaging of D2 brain receptors in baboon and human brain using [image: image74.png]TRy



- and [image: image75.png]1231



- Lisuride. Eur J Nuc Med 1989, 15: 403.
13. Mazière B, Loc’h C, Hantraye P, Martinot JL, Chiron C, Chabriat H, Mazière M. From PET to SPECT: application to dopamine D2 receptors using lisuride radiolabelled derivatives. Circ Met Cerveau 1991, 8: 251-257.
14. Chabriat H, Levasseur M, Vidailhet M, Loc'h C, Maziere B, Bourguignon M, Bonnet AM, Zilbovicius M, Raynaud C, Agid Y, Syrota A, Samson Y. In-vivo SPECT imaging of D2 receptor with iodine-iodolisuride: results in supranuclear palsy. J Nucl Med 1992, 33: 1481-1485.
15. Chiron C, Bulteau C, Loc'h C, Raynaud C, Garreau B, Syrota A, Maziere B. Dopaminergic D2 receptor SPECT imaging in Rett syndrome: increase of specific binding in striatum J Nucl Med 1993, 34: 1717-1721.
16. Cordes M, Hierholzer J, Schelosky L, Schrag A, Richter W, Eichstädt H, Schultze P, Poewe W, Felix R. Iodine-123-iodo-lisuride SPECT in Parkinson's disease J Nucl Med 1996, 37: 22-25.
17. Abi-Dargham A, Laruelle L., Seibyl J, et al. SPECT measurement of benzodiazepine receptors in human brain with iodine-123-iomazenil: kinetic and equilibrium paradigms. J Nucl Med 1994, 35: 228-238.
18. Baulieu JL, Guilloteau D. Les récepteurs des neurotransmetteurs. In Comet M, Vidal M; Radiopharmaceutiques: chimie des radiotraceurs et applications biologiques Presses Universitaires de Grenoble 1998, 575-589.
19. Kung H, Alavi A, Chang W, Kung M, Keyes J, Velchik M, Billings J, Pan S, Noto R, Rausch A, Reilley J. In vivo SPECT imaging of CNS D-2 dopamine receptors: initial studies with iodine-123 IBZM in humans. J Nucl Med 1990, 31: 573-579.
20. Baulieu JL, Guilloteau D, Chalon S, Markabi S, Gaymard B, Ribeiro MJ, Autret A, Tranquart F, Besnard JC. Scintigraphie des récepteurs cérébraux de la dopamine: résultats préliminaires obtenus avec l'iodobenzamide ([image: image76.png]1231



-IBZM). J Med Nucl Biophy 1992, 16: 52-57.
21. Baulieu JL, Ribeiro MJ, Levilion-Prunier C, Tranquart F, Chartier JR, Guilloteau D, Cottier JP, Besnard JC, Pourcelot L, Autret A. Effects of the method of drawing regions of interest on the differential diagnosis of extra-pyramidal syndromes using [image: image77.png]1231



-iodolisuride SPET. Nucl Med Comm 1999, 20: 77-84.
22. Müller T, Eising E, Reiners C, Przuntek H, Jacob M, Kuhn W. 2-[[image: image78.png]1231



]-iodolisuride SPET visualizes dopaminergic loss in de novo Parkinsonian patients: is it a marker of striatal pre-synaptic degeneration? Nucl Med Comm 1997, 18: 1115-1121.
23. Pellevoisin C, Guilloteau D, Baulieu JL, Loc'h C, Dognon AM, Mauclaire L, Saccavini JC, Besnard JC, Chalon S. Iodolisuride and iodobenzamide, two ligands for SPECT exploration of the dopaminergic D2 receptors Synapse 1996, 24: 79-86.
 

