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Supplemental materials and methods 
Behavioral testing 

 

Dizocilpine-disrupted prepulse inhibition (PPI) of the startle reflex 

 

In rodents, exposure to a strong acoustic stimulus provokes a startle response. If this strong 

stimulus is preceded by a milder acoustic stimulus, then the response of the animal to the startle-eliciting 

stimulus is attenuated and this phenomenon is termed prepulse inhibition (PPI) of the startle. It is 

disrupted by a dizocilpine (MK801) pretreatment1-3. Antipsychotic agents reverse this disruption and 

this property is considered as a proxy of their efficacy against psychotic symptoms1-3.  

Between 16 and 19 days following implantation of the osmotic minipumps, startle reactivity was 

measured in sound-attenuating startle chambers (TSE Systems, Bad Homburg, Germany), which 

include enclosures (22.5x8x8.5cm) equipped with loudspeakers and a piezoelectric accelerometer that 

allow to deliver tone pulses and to measure animal startle responses, respectively. The first two days 

consist of habituation sessions (10 min and 30 min of 70dB background noise on day 1 and day 2, 

respectively). On day 3, PPI was measured (immediately after an i.p. injection of saline) as follows: 

after a 10 min acclimation period (70dB), the rat received, in a random fashion, 24 trials with a pulse-

alone stimulus (120 dB, 40 ms), 12 trials with no stimulus (70-dB 200 ms), two types (3 × 12) of 

prepulse-and-pulse trials which include a 20-ms prepulse (80 and 85-dB) followed 100 ms later by a 

120-dB pulse stimulus, as described previously4. On day 4, PPI was measured as on day 3, using 

dizocilpine (0.15mg/kg) instead of saline as pretreatment. The amplitude of startle responses was 

recorded in all trials. The magnitude of PPI was calculated as a percent inhibition of the startle amplitude 

in the pulse-alone trial3, 5. 

 

Catalepsy 

 

Catalepsy is indicative of the potential of a pharmacological agent to induce extrapyramidal 

symptoms6, 7. At 25 days following minipump implantation, catalepsy was assessed using a steel grid 

floor that was inclined at 60°. Rats were placed on the grid and the time elapsed without any front paw 

movements was recorded for a maximum of 3 min and used to estimate catalepsy8.  

 

Ex vivo receptor binding measurements and in vivo imaging   

 

Radiotracer preparation  

 

Preparation of [123I]IBZM  and [125I]R91150  was performed as described previously by our group9-

11. All chemicals for radiotracer preparation were purchased from Sigma-Aldrich (Buchs, Switzerland) 

unless otherwise specified. 123I and 125I radioiodine were purchased from Perkin Elmer (Basel, 

Switzerland). [123I]IBZM was obtained by incubation, for 15 min at 68°C, of a mixture containing 5 μl of 

BZM precursor (ABX, Germany, 24 nmol/ μl  in ethanol), 2 μl of glacial acetic acid, 1 μl of 30% H2O2 



and 10 mCi of carrier-free 123I sodium iodide in 0.05 M NaOH. The radiotracer was isolated by a linear 

gradient HPLC run (from 5% acetonitrile, ACN, to 95% ACN, 10 mM H3PO4, in 10 min). HPLC was 

equipped with a reverse-phase column (Phenomenex Bonclone C18, Phenomenex, Schlieren, 

Switzerland) and radiotracer was eluted at a flow of 3 ml/min. Fractions containing [123I]IBZM were 

diluted in water and loaded on a Sep-Pak cartridge (Sep-Pak C18, Waters, Switzerland). [123I]IBZM was 

eluted with 0.5 ml of 95% ACN, 10 mM H3PO4 and concentrated using a rotary evaporator, and the final 

product was diluted in saline prior to animal administration.  

R91150 precursor preparation was described elsewhere12. For radiolabelling, 300 μg of R91150 

precursor in 3 μL ethanol was mixed with 3 μL of glacial acetic acid, 15 μL of carrier-free 125I sodium 

iodide (10 mCi) in 0.05 M NaOH, and 3 μL of 30% H2O2. [125I]R91150 was isolated by an isocratic HPLC 

run  (ACN/water 50/50, 10 mM acetic acid buffer pH 5) with a reversed-phase column (Bondclone C18 

10 μm 300 X 7.8 mm, Phenomenex, Schlieren, Switzerland) at a flow rate of 3 mL/min.  

 

Ex vivo estimation of receptor occupancy by haloperidol and MDL-100,907 

 

In the ex vivo dose-occupancy curve estimations, rats were administered with [123I]IBZM and 

[125I]R91150 to concurrently measure D2/3 and 5-HT2A receptor occupancy, respectively. At 28 days of 

treatment, rats were anesthetized using isoflurane anaesthesia (4% for induction, 2.5% for 

maintenance) and injected with 6.48±0.34 MBq of [123I]IBZM or 6.98±0.98 MBq of [123I]R91150 

(depending on the administered antagonist, haloperidol or MDL-100,907, respectively). At 120 min post-

injection, rats were euthanized by decapitation, their brain removed, and their striatum, frontal cortex 

and cerebellum dissected and weighed. Radioactivity in the dissected brain regions was immediately 

measured in an automated gamma counting system (expressed in KBq/g of tissue weight) for the 

radiotracer labelled with 123I. Radioactivity was decay-corrected to the time of the brain dissection. 

For the ex vivo study, the standardized uptake ratio (SUR) for each radiotracer in the striatum and 

the frontal cortex was measured using the radioactivity measured in the gamma counting system as 

follows: SUR=(radioactivity in the target-region)/(radioactivity in the cerebellum) – 1. The % occupancy 

(O) of the D2/3 and the 5-HT2A receptors from their respective antagonists was estimated using the 

following formula: O (%)=(1-SUR/SURCON)*100, where SUR corresponds to the value obtained from an 

individual study in which a dose of antagonist was employed, while SURCON corresponds to the average 

value obtained from the control animals in which no antagonist was administered. 

 

In vivo imaging experiments 

 

Dual-radiotracer SPECT imaging11 was performed in the context of the main in vivo study 

described in this paper to assess the level of D2/3 and 5-HT2A occupancy by haloperidol and MDL-

100,907 and the binding of D2/3 and 5-HT2A receptors after chronic treatment with these agents. In vivo 

dual radiotracer SPECT was performed as described previously11. At the end of the 28-day treatment 

period, the first dual-radiotracer SPECT scan was performed, to measure the occupancy of the D2/3 and 

the 5-HT2A receptor by their respective antagonists. One week later, an exactly similar dual-radiotracer 



SPECT scan was performed to index the density of the D2/3 and the 5-HT2A receptors. A polyethylene 

catheter (22G) was inserted in the tail vein for radiotracer injection, at a volume of 0.6 ml. Rats were 

simultaneously injected with a mixture of [123I]IBZM (32.7±8.2 MBq) and [125I]R91150 (26.9±6 MBq) over 

30 sec. At 80 minutes post-radiotracer administration, rats were anesthetized using isoflurane (4% for 

induction and 2.5% for maintenance) and the scan was initiated in a U-SCAN-II SPECT camera 

(MiLabs, Utrecht, Netherlands)  (using 4 frames of 10-min each). The choice of this timing for the 

SPECT scans relies on previous work from our group and allows the quantification of both radiotracers’ 

binding: indeed, the SUR of [123I]IBZM is estimated over the static images corresponding to 80-110 min 

after the injection of the radiotracer10, while the SUR of [125I]R91150  at 100-120 min9. Body temperature 

was maintained at 37±1 °C by means of a thermostatically controlled heating blanket. 

SPECT image reconstruction was performed using a pixel ordered subsets expectation 

maximization (P-OSEM, 0.4 mm voxels, 4 iterations, 6 subsets) algorithm using the MiLabs image 

reconstruction software. Reconstruction of dynamic SPECT images was performed using the 

radioactivity measured at each radioisotope’s principal energy spectrum, that is at 143,1-179,9 keV for 
123I and at 15-45 keV for 125I. Radioactive decay correction was performed while correction for 

attenuation or scatter was not. 

 

Separation of the two distinct images from the dual-radiotracer SPECT scan 

 

The co-injection of [123I]IBZM  with [125I]R91150  induces a contamination of the [125I]R91150 image. 
123I emits radioactivity principally at the 143,1-179,9 keV energy spectrum but also at a secondary 

energy spectrum, which is exactly the spectrum of 125I (15-45 keV). To correct for this contamination, 

we employed a method described previously by our group11. Briefly, the secondary emission of 123I is 

directly related to the principal one (34%). Contaminated [125I]R91150  images were thus corrected by 

subtracting 34% of the radioactivity measured in the [123I]IBZM images at the 143,1-179,9 keV energy 

spectrum.  

 

Standardized uptake ratio (SUR) estimation in the in vivo imaging experiments 

 

For the in vivo study, SPECT images were processed using PMOD software (version 3.9, PMOD 

Technologies Ltd, Zurich, Switzerland). For each rat, static [125I]R91150 SPECT images were spatially 

normalized on a [125I]R91150  template-image, as previously described11, and filtered with a Gaussian 

filter of 0.6m3 FWHM. The resulting transformation matrix was applied to the corresponding [123I]IBZM  

images for each rat. A volume-of-interest (VOI) template (including 57 VOIs), incorporated in PMOD13 

was used to extract the radioactivity from each brain VOI and the cerebellum (CER), which was used 

as reference region. SUR values were estimated as follows: (Radioactivity in the target 

VOI)/(Radioactivity in CER)-1. The SUR values of the first dual-radiotracer SPECT scan, which was 

performed on the 28th day of the treatment period, were used to estimate the occupancy of the receptor 

by their respective antagonists. For estimation of D2/3 receptor occupancies using in vivo imaging with 

[123I]IBZM, a 0.55 value was subtracted from the SUR and SURCON values. This value corresponds to 



the difference in the non-displaceable binding between the striatum (target region) and the cerebellum 

(reference region) for this radiotracer, as described in a previous paper from our group10.. The SUR 

values of the second SPECT scan for each rat (which is performed 7 days after the end of the treatment 

period) are direct indexes of the density of the respective receptor populations. For the [125I]R91150 

images of the second SPECT scans, SUR was also estimated at the voxel level using the same formula. 
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