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Supplemental material

Supplemental introductory information

Human type 1 sigma receptor (sigmal-receptor; o), at first
cloned and functionally expressed by Kekuda et al. (1), is
involved in a wide array of cellular functions such as
biogenesis of lipid microdomains at the plasma membrane,
the regulation of different receptors and ion channels as
well as the modulation of calcium signaling. Despite the
fact that the gene coding for o, is located on chromosome
9 which is related to schizophrenia genetics, analyses of
controls and schizophrenics show inconsistent results on a
direct association between the o; gene and schizophrenia
(2-5). However, indirect modulation of several
neurotransmitter systems by potent o, agonists such as the
selective serotonin reuptake inhibitor fluvoxamine is
assumed to contribute to a therapeutic efficacy in patients
with schizophrenia (6).

References to previous sigma; receptor ligands
BE_FPS (7) (8) (9)

'SE_FBFPA (10)

BE-FM-SA4503 (11)

C-SA4503 (12, 13)

'8F_labelled benzamides (14).

Supplement to Material and Methods

Synthesis of radiotracers

Confirmation of the enantiomeric purity of (R)-(+)- and
(S)-(-)-"*F-fluspidine in the radiosynthetic process was
achieved by chiral HPLC using a Reprosil Chiral-OM
column (25074.6 mm; 5 um particle size; Dr. Maisch
GmbH) and 95% n-hexane/5% isopropanol/0.05% diethyl
amine (v/v/v) with a flow rate of 0.75 mL/min.

Animals and drugs

SA4503 was synthesized as dihydrochloride salt as
previously described (15) and was characterized by reverse
phase HPLC (> 97% pure), 1H NMR and 13C NMR (16).
Characterization data were consistent with those obtained
with previously synthesised materials (16).

Positron emission tomography

Twelve pigs were studied with PET under general
anesthesia (0.5 % isoflurane in a gas mixture of 70 %
nitrous oxide and 30 % oxygen via endotracheal tube using
a volume-controlled ventilator). Pancuronium was infused
at a rate of 0.3 mg/kg/h. Blood gases, end-tidal CO, and
body temperature were continuously monitored.

PET imaging was performed with an ECAT EXACT HR+
(CTI/Siemens) scanner at a spatial resolution (transaxial)
of 4-5 mm (17). Reconstruction of both PET scans was
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done using filtered back projection with a Hanning filter
(cutoff frequency of 0.5). For attenuation and scatter
correction, a transmission scan using three rotating **Ge
rod sources was performed prior to the emission scan.

Metabolite analysis

After centrifugation about 1 ml plasma was obtained and
plasma proteins were precipitated by addition of
acetonitrile (plasma:acetonitrile = 1:2 v/v). Metabolite
analysis was carried out by gradient HPLC in the
following configuration: Hewlett-Packard 1100 quaternary
gradient pump, autosampler (900 pl sample loop; injection
volume 500-900 pl), UV detector (A= 254 nm), all parts of
the Hewlett-Packard 1100 system, and a flow scintillation
analyzer (150 TR, Canberra Packard) with a PET flow cell
(100 pl volume; energy window: 80 - 1750 keV). The
analytes were separated on Merck RP-18¢ column
(Purospher, 125x3 mm, 5 pm) at a temperature of 28 °C. A
binary gradient was chosen at a flow rate of 0.75 ml/min
(0-1 min 23 % B, 5-11 min 70 % B; total method time: 11
min). Mobile phase A consisted of 0.1 M ammonium
formate, pH 7.0. Mobile phase B was MeCN.

Data analysis and model description
Radioactivity data of selected volumes of interest (VOI)
were obtained using a standardized procedure which was
recently described in detail (18). Briefly, VOIs defined on
MR images were aligned to the added PET radioactivity
images interactively using an 'in house' data analysis tool.
The biomedical image quantification software PMOD
version 2.75 (PMOD Technologies, Ziirich, Switzerland)
was used for the kinetic analysis of the time-radioactivity
curve (TACs) of the regional standardised uptake values
(SUV=radioactivity per cubic centimeter VOI/(injected
dose/body weight)).

The general model for the description of the binding of
PET ligands to drug binding sites was introduced by
Mintun et al. (19). In this study, only the simplified
structures of the one- and two-tissue compartment models
(20, 21) were used to describe the binding of the
radioligand in the pig brain.
Depending on the model, the

total radiotracer

concentration measured with PET, Cpgr(t), can be
described by:

Crer(t) = (1 - Vp)Cr(t) + V,Cwa(t) Eq. 1
Crer(t) = (1 - Vp)(Crp(t) + Cs() + Vp,Cua(t) Eq.2

where Cpgr(t) is the amount of radioactivity in 1 cm’ brain
tissue (one-tissue compartment model, equation 1). The
nondisplaceable tracer concentration Cyp(t) represents the
sum of free Cgr(t) and nonspecifically Cys(t) bound
radiotracer in brain tissue and Cg(t) the regional
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concentration of the radiotracer specifically bound to the
o, receptors (two-tissue compartment model, equation 2).
The fractional blood volume V,, describes the contribution
of the whole blood radioactivity concentration Cyp(t) to
the PET signal. In this study V}, was fixed to 0.05 ml/cm’.
The ordinary differential equations that describe the
changes of radioactivity contents in these models are:
One-tissue compartment model (1 TCM):

dCy/dt = K;C,(t) — ko” Cr (t) Eq. 3
Two-tissue compartment model (2TCM):

dCyp/dt = K{Cy(t) — (Ko” + k3”)Cnp(t) + kyCs(t) Eq. 4
dCS/dt = k3,CND(t) — k4CS(t) Eq 5

Three-tissue compartment model (3TCM):

dCer/dt = K Cy(t) — (K2 + K + Ks)Crr(t) + KsCs(t) + KsCnis(t)

Eq. 6
dCNs/dt = k5CFT(t) — k6CNS(t) Eq 7
dCS/dt = k3CFT(t) — k4CS(t) Eq 8

The rate constants for the blood-brain and brain-blood
transfer (K; and k,” or k,”), and the rate constants for the
specific binding (k;” and k4) were estimated by nonlinear
least-squares fits of the decay-corrected tissue time-
activity curves and the arterial plasma concentration C,(t)
of the radiotracer. Distribution volumes were calculated
with both models to provide parameters related to
transporter density. With the one-tissue compartment
model, the respective parameter is the total distribution
volume Vi (equal to K;/k”,). With the two-tissue
compartment model the total distribution volume V= Vyp
+ Vs [equal to (K/Ky")(1 + Kk3°/K4)], the specific distribution
volume Vs [equal to (Ki/k;")(Ks’/ks)] and the binding
potential BPyp= k3’/K; [equal to fypBawi/Kp] provide
measures of the specific binding, hence the o; receptor
density. B,y is the concentration of unoccupied receptors
available for the tracer, Kp is the equilibrium receptor-
ligand dissociation constant and fyp= 1/(1+ks/ks) the free
fraction of radiotracer in the nondisplaceable compartment
depending on the nonspecific association and dissociation
rate constants ks and K, respectively. A further important
receptor dependent parameter is K3’= fypKonBavail Where Ko,
describes the rate constant for forming the receptor-ligand
complex [furthermore k4= Kosr, Kp= Kozt /Kon]-

If in the 2TCM the rate constants ks, k;” are chosen as k,’=
Ko/(1 + Ks/ke) and k3’= ks3/(1 + Kks/ks) the total distribution
volumes of the 2TCM and 3TCM are identically V=
(Ki/ko)(1 + ks/ky4 + Ks/Kg). This also holds if in the 1”TCM
k,” is chosen as K,”= k,’/(1 + K;3’/k4) and shows nicely the
interdependence of the three different kinetic models. If
there is a fast equilibration of tracer between the free and
nonspecific tissue compartment — as it is normally
assumed in the analysis of dynamic PET data — the 3TCM
reduces kinetically to a 2TCM with one nondisplaceable
compartment. If there is additionally a fast equilibration of
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tracer between the nondisplaceable and specific binding
compartment, too fast to be seen on the time scale of
dynamic PET, the 2TCM reduces further to a 1TCM and
only K; and k,” can be estimated from the data.

Goodness of fit of the different models was assessed using
the F test and the Akaike information criterion (AIC) (22,
23). A significant improvement of the fit by use of model
B instead of model A is indicated by F values of > 4.15 (P
< 0.05) or AIC (model B) < AIC (model A).

Data are mean values + standard deviation (SD).
Coefficient of wvariation (COV) was calculated by
mean/SD*100.

Supplemental information to Results

The normalised metabolite-corrected arterial plasma input
function of (S)-(-)-'"*F-fluspidine is significantly larger
(p<0.05) than that of (R)-(+)-"*F-fluspidine (Fig. 1).
Administration of SA4503 results in a significant increase
of the (R)-(+)-'*F-fluspidine input (p<0.05).
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Figure 1. Metabolite-corrected arterial plasma imput
function of (S)-(-)-'"*F-fluspidine and (R)-(+)-"*F-
fluspidine without and with administration of SA4503
(meantSD).

The two radiolabelled enantiomers of '*F-fluspidine were
identified by comparing the retention time of rac-
fluspidine as spiked solution (B in Fig. 2). Before, the
polarimetric identification of the enantiomers of rac-
fluspidine was performed in non-radioactive experiments
using a chiral detector (OR-2090, JASCO, Germany; A in
Fig. 2). The polarity of signal amplitudes obtained by the
chiral detector was verified with (—)-vesamicol as
reference compound.

Logan plot analysis (see Table 1) revealed a significant
decrease after administration of SA4503 (whole brain (S)-
(-)-"*F-fluspidine: -55%, (R)-(+)-"°F-fluspidine: -89%)
was observed in all investigated regions.
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Figure 2. A) Chiral HPLC of rac-fluspidine using the chiral detector OR-2090 (conditions: Reprosil Chiral-OM; 90% n-
hexane/10% isopropanol/0,1% diethyl amine; 1 mL/min); B) Chiral HPLC of (R)-(+)-"*F-fluspidine spiked with rac-fluspidine
(conditions: Reprosil Chiral-OM; 95% n-hexane/5% isopropanol/0,05% diethyl amine; 0,75 mL/min).
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Figure 3. Radio-HPLC chromatograms of plasma samples obtained at 8 min after radiotracer injection for (A) (S)-(—)-'*F-
fluspidine and (B) (R)-(+)-'*F-fluspidine.
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TABLE 1
The total distribution volumes estimated by Logan plots of (S)-(—)-'*F-fluspidine and (R)-(+)-'*F-fluspidine in juvenile pigs

with and without administration of SA4503.

Region (S)-(-)-"*F-fluspidine (R)-(+)-"*F-fluspidine
Control +SA4503 Control +SA4503

Front. cortex 98 £ 02 41 + 1.7% 67.8 + 259 74 £+ 1.2%
Temp. cortex 122 + 26 58 + 2.9% 88.5 + 433 92 + 3.4%
Occ. cortex 131 £ 3.0 54 £+ 3.0% 984 + 492 9.0 + 2.1%*
Hippocampus 135 + 2.8 6.0 + 2.8% 952 + 402 129 + 7.5%
Striatum 135 + 28 4.7 + 2.7** 1003 + 463 7.0 + 0.9*%
Thalamus 141 + 23 4.6 + 2.4%* 106.5 + 47.6 69 + 1.1%
Colliculi 152 + 34 4.5 £ 2.7%* 1232 + 592 6.7 + 1.4%**
Midbrain 154 + 3.7 42 + 2.5% 131.8 + 58.8 62 = 0.9*
Pons 152 + 34 42 + 2.8%* 1229 + 54.6 69 =+ 0.6*
Cerebellum 148 + 39 50 £ 3.9%* 140.8 + 703 149 + 10.2*

#p<0.05, **p<0.01
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