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ABSTRACT
Cutamesine is a sigma-1 agonist that is currently being developed for the 
treatment of depression and recovery from stroke. It has also been shown to be 
effective in several models of cognitive impairment. Recently, we showed that 
REM sleep deprivation (SD) caused a decrease in sigma-1 receptors and cognitive 
deficit which can be assessed using behavioral tests. 

In this study we investigated the effect of cutamesine treatment (0.3 or 1.0 
mg/kg) in the REM SD model. We also estimated the sigma-1receptor occupancy 
at the same doses using 11C-SA4503 and microPET. Additionally, the brain and 
plasma levels of cutamesine at these doses were estimated.

Cutamesine at the higher of the two doses tested, 1.0 mg/kg, reversed REM SD 
induced cognitive deficit in the passive avoidance test. The receptor occupancy 
study showed that this dose of cutamesine occupies about 92% of receptors in the 
brain. However, the lower dose which occupied 88% of the receptors did not have 
a significant effect in the PA test. Pharmacokinetic analysis of plasma and brain 
levels of cutamesine suggests that the longer duration of cutamesine exposure 
with the higher dose could be the reason for its higher efficacy over the lower dose.

Keywords: sigma receptor, sleep deprivation, 11C-SA4503, cutamesine, receptor 
occupancy, kinetic analysis, microPET.
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TREATMENT EFFECTS AND SIGMA-1 RO BY CUTAMESINE

INTRODUCTION
Drug discovery process, especially for the brain, is very inefficient and slow with only 
46 % of investigated drugs from phase 3 clinical trials actually getting marketing 
approval while taking 35% longer to develop (1). Use of PET imaging, especially in the 
pre-clinical stage, can offer insights into the relationship between target occupancy 
and drug efficacy and can lead to a more efficient drug discovery process.

Cutamesine (SA4503) is a sigma-1 receptor agonist drug currently in clinical 
trial for the treatment of depression and recovery from stroke (2). Other sigma-1 
receptor ligands are being developed as drugs for the treatment of Alzheimer’s 
disease (3, 4) and pain (5). Cutamesine has also been shown to be effective in 
various models of impaired cognition. While the effectiveness of sigma-1 agonists 
in various animal models of cognitive deficit is well established (6), the receptor 
occupancy required for this effect is not known. 

Sigma-1 receptors are thought to act as membrane associated molecular 
chaperones in the endoplasmic reticulum (ER) and to be involved in the ER stress 
response where they may play a role in the management of misfolded proteins. 
Sleep deprivation (SD) increases amyloid loads while sleep restores the amyloid 
levels (7, 8, 9). SD causes memory deficits which can be detected using behavioural 
tests (10, 11). SD by the modified multiple platform method in a mouse model 
of AD caused elevated plasma corticosterone, behavioral deficits, and increased 
AB and pTau in cortex (8). We recently showed that REM sleep deprivation in 
rats, using the modified multiple platform method, causes a reduction of sigma-1 
receptor expression in the brain (Chapter 5). 

11C-SA4503 is currently the only routinely used PET radioligand available for 
imaging the sigma receptors in vivo in humans and in experimental animals (12). 
Using this tracer, we have detected a decrease in sigma-1 receptor binding in various 
regions of aging rat brain (Chapter 3). One of the most affected regions in aging brain 
was pons, which is also a key brain structure for generating REM sleep (13). We also 
found that REM sleep deprived rats had cognitive deficits that could be assessed 
using a passive avoidance task and that 11C-SA4503 had a significantly lower uptake 
in the brains of REM sleep deprived rats, especially in the pons (Chapter 5). Donepezil 
is one of the drugs shown to be effective in this model of sleep deprivation (14). We 
have used 11C-SA4503to show that a dose dependent increase in the sigma-1receptor 
occupancy by donepezil was measurable in rats (Chapter 6). 

In this study we investigated two commonly used doses of cutamesine for their 
ability to overcome REM SD induced cognitive deficit. Further, we measured the plasma 
and brain drug concentrations and sigma-1receptor occupancies at these doses.
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MATERIALS AND METHODS
Drugs and Reagents
Cutamesine was obtained from M’s Science Corporation, Kobe, Japan. Actual drug dose 
was calculated based on the weight of the free base. Citalopram, used as an internal 
standard (IS) in UPLC-MS analysis, was obtained from Trademax Pharmaceuticals and 
Chemicals (Shanghai, China).HPLC grade methanol and acetonitrile were obtained 
from Biosolve Chimie (The Netherlands). Ammonium bicarbonate was obtained from 
Sigma Aldrich (St.Louis, MO, USA). All aqueous solutions for UPLC-MS mobile phase 
were prepared in Milli Q (Millipore, Milford, MA, USA) grade water. Naive rat arterial 
blood plasma was harvested from Wistar Hannover rats.

Animals
Two Male Wistar Hannover rats each were housed in Macrolon cages on a layer 
of wood shavings in a room with constant temperature (21 ± 2 °C) and fixed 
12-hour light-dark regime (light phase from 7:00 to 19:00 hours). Food (standard 
laboratory chow, RMH-B, Hope Farms, The Netherlands) and water were available 
ad libitum. After arrival the rats were allowed to acclimatize for at least seven 
days. All experiments were approved by the Animal Ethics Committee of the 
University of Groningen, The Netherlands.

Sleep deprivation (SD) study
Sleep deprivation procedure, novel object recognition (NOR) and passive 
avoidance (PA) tests were performed as described in Chapter 5. On days 1, 2 
and 3, the rats (n=10 each group), were handled for about 8 minutes each (tail 
marking, weighing, stroking, scruffing) and exposed to the experimental cages 
without water for about 30 minutes. SD was always started in the morning session 
and lasted 48 hours. NOR study was conducted on days 4, 5 and 6 and PA study 
was conducted on days 10, 11, 12 and 13. After a wash out of at least two weeks, 
some of the animals were used for brain and plasma pharmacokinetic study of 
cutamesine as described in Chapter 5.

Plexiglass cages with five small platforms of 6.5cm diameter and 2.5cm height 
placed 10cm apart and had water to a depth of 1.5cm were used to achieve SD (modified 
multiple platform method). All cages contained free access to food and water.

The rats were habituated to the empty NOR arena (oval; 126cm at the longest 
and 88 cm at the widest) for 10 min before being placed in the sleep deprivation 
or control cages. 48h later the rats were re-habituated by placing them in the 
empty arena for 3 min. Two identical Duplo ® objects (A, A) were subsequently 
placed in the arena, equidistant from the sides and the rats allowed to interact 
with them for 5 min. The rats were then injected intraperitoneally with 1ml/kg 
of saline or 0.3 or 1.0 mg/kg of cutamesine and returned to the SD cages. 3h later, 
the animals were placed in the arena containing one novel and one familiar object 
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TREATMENT EFFECTS AND SIGMA-1 RO BY CUTAMESINE

(A, B) and the interaction of the rat with the objects was video recorded for 10 
min. The NOR was calculated as 100 * novel time (novel time + familiar time). The 
rats were then returned to their home cages and allowed undisturbed sleep.

The PA apparatus consisted of a dark chamber (40 x 40 x 40 cm) with shock 
grids 1.5 cm apart on the bottom. On one side of the chamber was an opening 
with a sliding door leading to an illuminated platform (10 cm breadth x 30 cm 
length) elevated 98 cm above the floor. On day 10, the rats were placed in the dark 
chamber for 3 minutes for habituation. They were then placed on the illuminated 
platform and the door to the box opened 10 sec later. The latency to enter the dark 
chamber was noted (pre-shock latency 1). On day 11, the rats were again placed 
on the illuminated platform and the latency to enter noted (pre-shock latency 2) 
as before. The rats were allowed 3 min in the chamber and the procedure repeated. 
This time, in addition to noting the latency (pre-shock latency 3), as soon as all 
four paws were in the door, a shock of 0.8mA was administered for 2 sec. After 
allowing 3 minutes in the dark chamber, the rats were administered either 
cutamesine or vehicle and placed in the SD cages. 48h later, the rats were again 
placed on the illuminated platform and the latency to enter noted (post-shock 
latency 1). A 300 sec cut off point was used for the maximum time on platform. If 
the rats entered the chamber, they were picked up within 15sec and placed back 
on the platform, again with a 300 sec cut off point (post-shock latency 2). The 
average of the two post shock latencies was taken for analysis, except when the 
300 sec cut off limit was reached in one of the attempts.

Receptor occupancy
Synthesis of 11C-SA4503
The radioligand 1-[2-(3,4-dimethoxyphenethyl)]-4-(3-phenylpropyl)piperazine 
(11C-SA4503) was prepared by reaction of 11C-methyl iodide with 1-[2-(4-hydroxy-
3-methoxy-penthyl)]-4-(3-phenylpropyl)piperazine dihydrochloride (4-O-demethyl  
SA4503), according to a published method(15). The decay corrected radiochemical 
yield was ~ 24%, the specific radioactivity was > 15 TBq/mmol at the moment of 
injection and radiochemical purity > 98%. The 11C-SA4503 solution had a pH of 
6.0 to 7.0. 

Drug dosing and microPET scan
Rats were anesthetized with isoflurane (Pharmachemie BV, The Netherlands) 
in medical air (5% for induction 2% for maintenance). Saline or cutamesine 
dissolved in saline (0.3 and 1.0 mg/kg, i.p.) were administered to male Wistar 
Hannover rats (body weight 316 ± 5 g) 79.9 ± 3.7 min before tracer injection. Six 
(controls) and five (treated) rats were scanned per dose group, two in each group 
were subjected to another sampling protocol for metabolite analysis. The blood 
sampling, metabolite analysis, microPET scans and data analysis were performed 
as described in Chapter 6. Briefly, a femoral artery cannula was placed in each rat 
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for blood sampling. From each rat, fifteen arterial blood samples (volume 0.1 to 
0.15 ml) were collected at 0.08, 0.17, 0.25, 0.5, 0.75, 1, 1.25, 1.5, 2.0, 3, 5, 7.5, 10, 
15, 30, 60 and 90 min after 11C-SA4503 injection and start of the microPET scan. 
Radioactivity in 25 µl of whole blood and plasma samples was determined using a 
calibrated gamma counter. In separate groups of animals, larger volumes of blood 
ranging from 0.4 to 1.6 ml were collected at 5, 10, 20, 40 and 60 min for metabolite 
analysis. Plasma was deproteinated, centrifuged and the supernatant injected in 
the reversed-phase HPLC system to separate parent tracer and metabolites. The 
eluate was collected in 30 s fractions for 15 min and radioactivity in the samples 
was measured using a gamma counter.The results were expressed as the fraction 
of total plasma radioactivity representing parent tracer (in %).

Twenty-five µl of plasma collected at 5 and 90 min after tracer injection, 
both from the scan and metabolite analysis animals, was immediately placed on 
crushed ice and later stored at -80°C for estimation of cutamesine by UPLC-MS.

Two rats were scanned simultaneously in each scan session. They were 
positioned in the camera on heating mats in transaxial position with their heads 
and neck in the field of view. The first rat was injected through the penile vein 
with 11C-SA4503 (26±3 MBq, volume < 1 ml). The emission scan was started with 
tracer injection of the first rat; whereas the second animal was injected 6 minutes 
later. A list-mode protocol was used with 90 min acquisition time. The list-mode 
data of the emission scans were reframed into a dynamic sequence of 8x30s, 
3x60s, 2x120s, 3x180s, 4x300s, 5x600s frames. The data were reconstructed per 
time frame employing an iterative reconstruction algorithm. The final datasets 
consisted of 95 slices with a slice thickness of 0.8 mm, and an in-plane image 
matrix of 128 x 128 pixels. Voxel size was 0.5 x 0.5 x 0.8 mm. The linear resolution 
at the center of the field-of-view was about 1.5 mm. Data sets were fully corrected 
for decay, random coincidences, scatter and attenuation.

MicroPET data analysis
Three-dimensional regions of interest (ROIs) were drawn over the whole brain 
and individual brain regions (bulbus, cortex, striatum, thalamus, hypothalamus, 
amygdala, midbrain, pons, medulla and cerebellum) on an MRI template (16)
using Inveon Research Workplace (Siemens Medical Solutions USA). PET images 
were co-registered with this MRI template and the regions of interest transferred 
from MRI to PET. Time-activity curves (TACs) were obtained for each of these 
regions. The results were expressed as dimensionless standardized uptake values 
(SUVs). The parameter SUV is defined as: [tissue activity concentration (MBq/g) × 
body weight (g) / injected dose (MBq)]. SUVs were calculated, assuming a specific 
gravity of 1 g/mL for brain tissue and blood plasma.

Logan graphical analysis was used to obtain cerebral VT. The Logan fit was 
started at 20 min and the parameter for cerebral blood volume was fixed at 3.6% 
(17). Metabolite corrected plasma radioactivity from arterial blood samples was 
used as input function, while uncorrected whole blood data was used to estimate 
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the cerebral blood volume. The plasma TAC of each animal was corrected for 
metabolites using an exponential function obtained from the average metabolite 
curve of the two rats from the same group. Where plasma and whole blood 
TACs were not available, i.e. for the metabolite analysis rats, the group average, 
corrected for injected dose and weight of the individual animal, was employed. 
Software routines for MatLab 7 (The MathWorks, Natick, MA), written by Dr. A.T.M. 
Willemsen (University Medical Center Groningen), were used for curve fitting. 

Cunningham’s (18) transformation of the graphical method by Lassen (19) 
was used to estimate RO. VT of brain regions from control animals (average) was 
plotted on the x-axis and the difference between VT of control (average) and VT 
of treated (individual rat) brain regions on the y-axis. The x-axis intercept gave 
the non-displaceable volume of distribution (VND). The gradient of the linear 
relationship gave the RO for each individual drug-treated rat. 

After the scanning period, the animals were terminated by extirpation of the heart 
while under deep anaesthesia. Blood and several tissues (see Table 1) were collected 
and weighed. Radioactivity in tissue samples and in a sample of the injected tracer 
solution (infusate) was measured using a gamma counter with automatic decay 
correction. The results were expressed as SUVs and the ratio of tissue to plasma SUV.

Quantification of cutamesine in plasma and brain
Cutamesine in plasma and brain were quantified as described in Chapter 8. 

Stock solutions of cutamesine and citalopram in methanol were prepared at the 
strength of 1 mg/mL. Working standard solutions of cutamesine of 10-10,000 ng/mL 
were prepared in methanol from the first stock solution. Citalopram at 100 ng/mL 
in 80% acetonitrile and 20% 10 mM ammonium bicarbonate was used as internal 
standard (IS) solution.These stock solutions were stored at approximately 4oC. 

For the calibration curve, various concentrations (for plasma analysis: 0.2, 0.5, 
1, 2, 3, 5, 10, 20, 30, 50 ng/mL and for brain analysis: 0.5, 1, 2, 5, 10, 20, 50, 100, 
200, 500 ng/mL) of cutamesine were prepared in methanol to a final volume of 50 
µL. To this, 50 µL of diluted (1:1 with water) blank plasma or brain homogenate 
(homogenized with 1 volume of water) was added. 

Similarly, 50 µL of diluted (1:1 with water) plasma or brain homogenate 
samples were combined with 50 µL of methanol. Protein precipitation was 
achieved in the samples and calibration curve by the addition of 175 µL of the 
IS solution, followed by vigorous shaking for 20 min and centrifugation for 15 
min (3200 × g for plasma and 7800 × g for brain). The supernatant was directly 
injected in the UPLC–MS system. A total blank (without analyte and IS) and blank 
(without analyte) were injected at the start of the calibration curve and again at 
the end to test carryover of analytes. Washes were included between standards 
and samples and between different sample groups.

The methods were tested for signal-response of the calibration standards. 
The peak area ratios of the cutamesine to the IS versus that of concentration of 
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calibration standards were plotted. The best-fit line was determined by least 
squares linear regression of the calibration data using a weighting factor of 1/X, 
where X is the concentration. Concentrations of the analytes were determined 
using peak area ratios and the regression parameters

Quantitative analysis of cutamesine in plasma was conducted using a 
Xevo G2 QTof mass spectrometer (Waters Corporation) with ACQUITY UPLC 
(Waters, Milford, MA, USA). The detectors were UV-detector and time of flight. 
The analytical column ACQUITY UPLC BEH C18 1.7 µm (2.1 × 50mm, (Waters 
Corporation) was used for the chromatographic separation. Column temperature 
was set as 40 °C. The flow rate was 0.6 mL/min, starting with 95% of A which goes 
to 20% in 1.5 min, and goes back to 95% at 2.7 min. The mobile phase A consisted 
of 10 mM ammonium bicarbonate adjusted to pH 9.4 with 25% ammonia and 
mobile phase B was acetonitrile. The sample volume injected was 3 µL and the 
auto sampler was set at 10 °C. The run time was 4 min. LC-MS was operated in 
positive ionization mode from 50 to 1200 Da. Masslynx V4.1 SCN 803 software 
was used to operate the LC-MS. Capillary voltage was 0.5 kV. Source temperature 
and desolvation temperature were set to 150 °C and 600 °C, respectively. Cone gas 
flow and desolvation gas flow were set to 10 and 1000 l/h, respectively.

Statistics
All results are expressed as mean ± SEM. Differences between groups in the PA 
test, were examined using Kruskal-Wallis test followed by Dunn’s post hoc test. 
Differences between AUCs were tested with 1-way ANOVA followed by Dunnett’s 
Multiple comparison test. The dose-dependent effect of cutamesine on VT values 
of brain regions were analyzed using 2-way ANOVA followed by Bonferroni 
posttest. Biodistribution data of plasma SUV were analyzed using 1-way ANOVA 
followed by Dunnett’s Multiple comparison test, and the tissue-to-plasma ratio 
was analyzed with 2-way ANOVA followed by Bonferroni posttest. A P value < 
0.05 was considered statistically significant. 

RESULTS
Sleep deprivation study
Preliminary analysis of NOR data (Chapter 5) showed that sleep deprived animals 
might have had a preference for the familiar object. Therefore, the effect of 
cutamesine treatment was not analyzed.

In the PA test, pre-shock latencies were similar for all groups. Cutamesine 
treatment dose-dependently increased the time taken to enter the dark shock 
chamber (Figure 1) compared to untreated sleep deprived animals, and reached 
significance at the 1.0 mg/kg dose (P < 0.01).
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Receptor Occupancy
Tracer kinetics in brain and plasma
After cutamesine pretreatment, a reduction in tracer uptake was observed in the 
brain images (Figure 2).Tracer uptake in the brain was rapid, reaching a maximum 
within the first 5 minutes followed by a slow washout. However, the washout was 
dose dependently more rapid in the treated groups (Figure 3A). The uptake was 
significantly lower in both treated groups and was about half of the control group 
by the end of the scan (area under the curve (AUC) 85.8 ± 9.5 (0.3 mg/kg) and 
75.6 ± 4.6 (1.0 mg/kg) vs. 160.1 ± 10.8, P < 0.001) (Figure 3B). 

The conversion of parent tracer to radioactive metabolites increased with 
increasing dose of cutamesine (Figure 3C). While about 42% of the parent tracer 
remained unchanged at 60 min in the control rats, only about 31% and 24% 
remained unchanged in the 0.3 mg/kg and 1.0 mg/kg group respectively and they 
had significantly (P < 0.01 and 0.001 respectively) lower levels of parent tracer 
compared to the control group, as evidenced by the AUC (Figure 3D). 

Kinetics of metabolite corrected radioactivity in the plasma is shown in Figure 
3E. AUC was significantly higher for both 0.3 mg/kg and 1.0 mg/kg groups (12.1 ± 
0.6 and 13.0 ± 1.0 vs. 9.3 ± 0.4, P < 0.05) compared to the control group (Figure 3F). 

Kinetic analysis and receptor occupancy
Logan graphical analysis was performed to obtain VT in the whole brain and smaller 
individual brain regions. With increasing dose of cutamesine, a dose dependent 
reduction in VT was observed for all brain regions investigated (Figure 4). 

Figure 1. Latency of the rats to 
enter the dark chamber in the 
passive avoidance test.(data 
from control animals, Chapter 
5, is included for comparison). 
** represents P < 0.01
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Figure 2. Small animal PET images of sagittal view of rat brain (summed from 20 to 90min) 
obtained after injection of 11C-SA4503. a) MRI template, b) control, c) 0.3 mg/kg, d) 1.0 mg/
kg of cutamesine

Lassen plot was used to estimate percent receptor occupancy and VND (Figure 
5a). The receptor occupancy at each dose group was 88.1 ± 1.5% (0.3 mg/kg) and 
92.2 ± 1.6% (1.0 mg/kg). The VND calculated as the x-intercept was 5.23. Since the 
average whole brain VT was 28.19, 11C-SA4503 has a specific binding of about 81% 
in the rodent brain.

Biodistribution
Biodistribution data for the brain areas and peripheral organs are listed in Table 
1. The SUV for plasma was significantly (P < 0.001) higher in both cutamesine-
treated groups. Therefore, tissue-to-plasma SUV ratios were considered rather 
than SUV values of each tissue. All brain regions exhibited significant dose-
dependent reduction in the tissue-to-plasma ratio. Most peripheral tissues also 
showed a dose-dependent reduction in the tissue-to-plasma ratio, though not all 
were significant due to very large uptake in tissues like adrenal gland and liver.

Quantification of cutamesine in plasma and brain
The lower limit of quantification of cutamesine was 0.2 ng/mL. The extraction 
recovery of cutamesine and citalopram was >95% for both plasma and brain 
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TREATMENT EFFECTS AND SIGMA-1 RO BY CUTAMESINE

Figure 3. Kinetics of 11C-SA4503. a) whole brain TACs, b) area under the curve (AUC) of 
whole brain TACs, c) effect of cutamesine dose on conversion of parent tracer to radioactive 
metabolites over time, d) AUC of % intact parent vs. time curve, e) metabolite corrected 
plasma TACs, f) AUC of the metabolite corrected plasma TACs 

homogenate biological matrices. The chromatographic retention times for 
citalopram and cutamesine were 1.81 and 1.94 min, respectively. The plasma 
samples analyzed were taken 5 and 90 min after the onset of the scan, i.e. 85 ± 4 
and 175 ± 4 min respectively, from the time of cutamesine administration. Sigma-1 
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receptor occupancy of over 90% was achieved with the 1.0 mg/kg cutamesine 
dose, at a 5 min (= 85 min from drug administration) plasma concentration of 279 
± 76 nM, a 90 min (= 175 min from drug administration) plasma concentration 
of 202 ± 67 nM and at a brain concentration of 2227 ± 492 nM (the end of scan).

DISCUSSION
Sigma-1 ligands may play a potential role in the symptomatic and disease-modifying 
treatment of schizophrenia, depression, dementia, ischemia, drug dependence 
and pain, and have received considerable interest in current CNS drug discovery 
programs (20, 21, 22, 23). In this study, we tested cutamesine, a sigma-1 agonist 
drug, on REM SD induced cognitive deficit. In order to confirm tissue delivery and 
target engagement by cutamesine at the doses tested in the REM SD model, brain 
and plasma levels and sigma-1 receptor occupancy were also evaluated.

SD induced memory deficit in the passive avoidance test was overcome by 
cutamesine at 1.0 mg/kg, the higher dose tested. While the lower dose showed 
a similar trend, it did not reach significance due to high variability. This is the 
first time that cutamesine, a sigma-1 agonist drug, has been shown to have 
an ameliorative effect on SD induced cognitive deficit. Although donepezil, 
an acetylcholinesterase inhibitor (14), and venlafaxine, a dual serotonin and 
norepinephrine reuptake inhibitor (24), with sigma-1 agonist properties, 
have been shown to have beneficial effects in SD models, their effects could be 
attributed to their primary targets. 

SD is known to cause accumulation of protein aggregates and ER stress leading 
to unfolded protein response (7, 8, 9). While acute ER stress could upregulate 
sigma-1 receptors leading to a protective effect, chronic stressors could alter the 

Figure 4. Total distribution volume (VT) from the whole brain and smaller brain regions 
obtained using Logan graphical analysis. 
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Table 1. Biodistribution data of 11C-SA4503 in the treatment groups (brain and peripheral 
organs were analyzed separately).

Control   
(n = 6)

0.3 mg/kg  
(n = 5) P

1.0 mg/kg  
(n = 5) P

SUV
Plasma 0.10 ± 0.01 0.32 ± 0.04 < 0.001 0.34 ± 0.02 < 0.001

Tissue-to-plasma ratio

Brain regions
Bulbus olfactorius 16.45 ± 2.42 1.94 ± 0.54 < 0.001 1.68 ± 0.29 < 0.001
Hippocampus 15.48 ± 2.18 2.58 ± 0.58 < 0.001 1.86 ± 0.27 < 0.001
Striatum 11.60 ± 1.85 2.32 ± 0.63 < 0.001 1.36 ± 0.15 < 0.001
Cingulate Cortex 13.65 ± 1.46 1.82 ± 0.52 < 0.001 1.44 ± 0.25 < 0.001
Frontal Cortex 13.52 ± 1.05 2.70 ± 0.65 < 0.001 1.76 ± 0.27 < 0.001
Cortex rest 13.58 ± 1.22 2.32 ± 0.65 < 0.001 1.70 ± 0.21 < 0.001
Cerebellum 13.17 ± 1.63 2.38 ± 0.61 < 0.001 1.60 ± 0.23 < 0.001
Medulla 22.85 ± 3.58 3.06 ± 0.98 < 0.001 2.16 ± 0.29 < 0.001
Pons 24.33 ± 3.04 3.74 ± 1.03 < 0.001 2.06 ± 0.46 < 0.001
Midbrain 19.02 ± 3.67 3.06 ± 0.74 < 0.001 1.88 ± 0.38 < 0.001
Thalamus+Hypothalamus 18.90 ± 2.19 2.74 ± 0.61 < 0.001 1.86 ± 0.21 < 0.001
Rest brain 17.75 ± 2.06 2.48 ± 0.76 < 0.001 1.72 ± 0.27 < 0.001

Peripheral tissues
Adipose tissue 5.65 ± 1.18 2.20 ± 0.39 ns 1.66 ± 0.42 ns
Adrenal gland 258.6 ± 35.63 69.72 ± 20.03 < 0.001 38.04 ± 10.62 < 0.001
Bladder 9.93 ± 2.97 5.62 ± 1.19 ns 4.45 ± 0.97 ns
Bone 6.03 ± 0.96 1.72 ± 0.31 ns 1.48 ± 0.06 ns
Bone marrow 34.37 ± 21.99 7.54 ± 2.35 < 0.05 5.70 ± 0.49 < 0.05
Heart 3.15 ± 0.43 1.52 ± 0.40 ns 1.30 ± 0.18 ns
Intestine large 20.93 ± 2.54 4.00 ± 0.88 ns 3.12 ± 0.38 ns
Intestine small 23.15 ± 3.16 5.02 ± 0.62 ns 4.58 ± 0.64 ns
Kidney 42.23 ± 3.54 6.86 ± 1.32 < 0.01 6.14 ± 0.77 < 0.001
Liver 83.23 ± 6.96 18.26 ± 4.79 < 0.001 10.72 ± 2.11 < 0.001
Lung 19.47 ± 1.21 6.80 ± 1.16 ns 5.08 ± 0.61 ns
Muscle 2.33 ± 0.55 0.84 ± 0.12 ns 1.40 ± 0.60 ns
Pancreas 51.83 ± 13.39 32.12 ± 3.83 ns 23.26 ± 2.11 < 0.05
Pituitary 44.00 ± 7.11 10.26 ± 2.56 < 0.01 8.34 ± 0.83 < 0.01
Plasma 1.00 1.00 - 1.00 -
RBC 0.64 ± 0.13 0.54 ± 0.07 ns 0.46 ± 0.04 ns
Spleen 26.97 ± 3.57 9.10 ± 2.62 ns 6.30 ± 0.46 ns
Submandibular gland 39.72 ± 4.19 18.88 ± 2.26 ns 14.52 ± 0.62 ns
Thymus 24.68 ± 2.61 7.90 ± 1.81 ns 6.28 ± 0.70 ns
Thyroid 22.35 ± 2.74 5.34 ± 1.30 ns 3.80 ± 0.21 ns
Urine 11.45 ± 3.70 23.74 ± 7.27 ns 18.50 ± 6.92 ns
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stability and subcellular distribution of sigma-1 receptors (25). Treatment with 
sigma-1 agonists has been shown to be protective in ER stress.

In the receptor occupancy study, pretreatment with cutamesine dose-
dependently increased the metabolism of 11C-SA4503. The mechanism behind 
this is not known, however another sigma-1 agonist, donepezil, was also shown to 
affect the tracer metabolism (Chapter 7). Possibly due to increasing occupancy of 
peripheral sigma-1 receptors and plasma proteins at doses of drugs causing high 
receptor occupancy, a larger proportion of tracer remained free in plasma and was 
therefore susceptible to metabolism. This is also supported by the higher plasma 
AUC in the treatment groups even after metabolite correction. Differences between 
groups in the plasma TAC would also influence the brain TAC, therefore SUV is not a 
reliable measure and kinetic modeling is necessary for group comparisons.

Cutamesine occupied over 90% of sigma-1 receptors at a dose of 1.0mg/kg. 
For similar occupancy with donepezil, a 10.0 mg/kg dose was required (Chapter 
6). Therefore cutamesine appears to have much higher potency than donepezil 
at the sigma-1 receptors. In preclinical studies with donepezil it would not be 
practicable to achieve this high sigma-1 receptor occupancy with donepezil alone 
due to cholinergic side effects at doses of 3 mg/kg or over. 

The few behavioral experiments with cutamesine performed in rats were 
carried out 30 min after oral administration of the drug (26, 27, 28, 29), which is 
within the brain Tmax range of 30-60 min (30). Commonly used doses of cutamesine 
range from 0.05 mg/kg to 1.0 mg/kg, although higher doses, including 20 mg/kg, 
have also been reported (30). After i.p. administration of cutamesine, the maximum 
brain concentration is achieved at around 30 min and the brain half life is about 
5 hours (Chapter 8). The occupancy versus concentration graphs suggest that 
both doses studied were similar and near the plateau level of maximal receptor 
occupancy. The reason for differing effects in the behavioral study then may not 
be due to the small differences in the RO alone. In the PA study, cutamesine was 
administered after the training i.e. at the start of 48h sleep deprivation. The levels 
of cutamesine in brain remained above the IC50 value of sigma-1 receptor for up to 
16 h of post dosing with the 1.0 mg/kg dose (Chapter 8). With the lower dose, the 
exposure would also be lower. It is likely that it is the duration of drug availability 
at the target that influenced the results of the behavioral study. A repeat dosing 
at 24h could help to maintain brain levels of the drug and could possibly improve 
the effects at the lower dose. Receptor occupancy studies at later time points 
would be needed to clarify this issue.

In conclusion, treatment with cutamesine was shown to overcome REM SD 
induced cognitive deficit at over 90% sigma-1 receptor occupancy. Combining 
pre-clinical PET studies with behavioral studies and pharmacokinetic analysis 
can give valuable insights into the relationship between exposure of tissue to 
drug, drug-target interaction and efficacy. 
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