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Abstract. 

Background: Modulation of serotonergic signaling by treatment with selective serotonin reuptake 

inhibitors (SSRIs) has been suggested to mitigate amyloid-β (Aβ) pathology in Alzheimer’s disease, in 

addition to exerting an anti-depressant action. 

Objective: To investigate the efficacy of chronic treatment with the SSRI paroxetine, in mitigating 

Aβ pathology and Aβ plaque-induced microgliosis in the hippocampus of 18-month-

old APPswe/PS1ΔE9 mice. 

Methods: Plaque-bearing APPswe/PS1ΔE9  and wildtype mice were treated with paroxetine  per os  at 

a dose of 5 mg/kg/day, from 9 to 18 months of age. The per os  treatment was monitored by recording 

of the body weights and serum paroxetine concentrations, and by assessment of the serotonin transporter 

occupancy by [3H]DASB-binding in wildtype mice. Additionally, 5,7-dihydroxytryptamine was 

administered to 9-month-old APPswe/PS1ΔE9 mice, to examine the effect of serotonin depletion on Aβ 

pathology. Aβ pathology was evaluated by Aβ plaque load estimation and the Aβ42/Aβ40 ratio by 

ELISA.  

Results: Paroxetine treatment led to > 80% serotonin transporter occupancy. The treatment increased 

the body weight of wildtype mice, but not of APPswe/PS1ΔE9  mice. The treatment had no effect 

on the Aβ plaque load (p = 0.39), the number and size of plaques, or the Aβ plaque-induced increases 

in microglial numbers in the dentate gyrus. Three months of serotonin depletion did not significantly 

impact the Aβ plaque load or Aβ42/Aβ40 ratio in APPswe/PS1ΔE9 mice at 12 months. 

Conclusions: Our results show that chronic treatment with the SSRI paroxetine does not mitigate 

Aβ pathology and Aβ plaque-induced microgliosis in the hippocampus of APPswe /PS1ΔE9  mice.  

 

 

Keywords: Cerebral amyloidosis - serotonin selective reuptake inhibitors - chronic paroxetine 

treatment - serotonin transporter occupancy - microgliosis - neurogenesis - hippocampus - Y-maze - 

stereology   
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INTRODUCTION 

Serotonin selective reuptake inhibitor (SSRI) treatment was recently shown by the Alzheimer’s Disease 

Neuroimaging Initiative (ADNI) to halt the progression of cognitive decline in subjects with mild 

cognitive impairment (MCI) and Alzheimer’s disease (AD), with a history of depression [1, 2]. 

Evaluated by positron emission tomography using [18F]-AV45 and nuclear magnetic resonance 

imaging over a two-year period, SSRI-treatment reduced the grey matter atrophy, especially in the 

fronto-temporal cortex, but had little, if any effect on the amyloid plaque formation [2]. The 

demonstration of an improved cognition and a reduced grey matter atrophy was very encouraging. The 

demonstration that SSRI treatment appeared not to mitigate amyloid burden was unexpected, as several 

preclinical studies have reported that SSRI treatment modulates the processing of the amyloid-b protein 

precursor (AβPP), reduces the levels of amyloid-β (Aβ) and mitigates Aβ plaque pathology in transgenic 

(Tg) mouse models of AD [3, 4, 5]. On the other hand, considering other, recent preclinical studies, 

showing no impact of chronic SSRI treatment on Aβ pathology in Tg AD model mice [6, 7, 8], the 

absence of a mitigating effect of SSRI treatment on the amyloid burden might be less surprising after 

all. Similarly, studies of healthy human subjects treated with citalopram or escitalopram have been 

shown both to reduce (5, 9) and have no effect (10) on the levels of fibrillogenic Ab42 in the 

cerebrospinal fluid (CSF). 

The first study to report a mitigating effect of SSRI-treatment on Aβ plaque pathology in a Tg 

mouse model of AD, was performed in the APPswe/PS1ΔE9 Tg mice, and reported that treatment with the 

SSRI citalopram at 8 mg/kg/day per os (p.o.) from 3 to 7 months of age mitigated Aβ plaque load and 

reduced levels of insoluble Aβ42 and Aβ40 in the neocortex and hippocampus [3]. Next was reported that 

daily intraperitoneal (i.p.) injections of citalopram at 10 mg/kg for 28 days to 6-month-old 

APPswe/PS1ΔE9 mice impaired initial Aβ plaque formation and growth [5]. Recently the same 

investigators reported a similar effect of daily i.p. injections, applying the active enantiomer of 

citalopram, escitalopram, in a dose of 2.5 and 5 mg/kg for 28 days [11]. In contrast, studies by our own 

group showed that escitalopram treatment at 5 mg/kg/day p.o. from 3 to 9 months of age did not reduce, 

but marginally increased the levels of insoluble Aβ42, and did not impact on the levels of soluble Aβ42 
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in the neocortex and hippocampus of APPswe/PS1ΔE9 mice [6]. Additionally, we were unable to show an 

impact of treatment with the SSRI paroxetine (prx) at ≥ 5 mg/kg/day p.o. from 9 to 18 months of age on 

the Aβ plaque load in the neocortex of APPswe/PS1ΔE9 mice [7]. Both studies accordingly showed no 

mitigating effect of SSRI treatment on Aβ pathology, despite the treatments achieving > 80% SERT 

occupancy levels in the mice [6, 7], levels which are considered therapeutic for the treatment of 

depression [12]. Thus, current preclinical data on the effect of SSRI treatment on amyloidogenesis vary 

between studies. This can be due to differences in the type of the administered SSRI drug, the 

pharmacological dose and route of administration, sex, as well as the timing and duration of treatment.  

Although we detected no impact of chronic prx treatment on the Aβ plaque load in the neocortex 

[7], we initially reported a reduced Aβ plaque load in the hippocampus of APPswe/PS1ΔE9 mice which 

were treated with up to 30 mg/kg/day of prx p.o [8]. Due to mortality among the APPswe/PS1ΔE9 mice 

treated with 30 mg/kg/day of prx, the dose was reduced to 10 and finally 5 mg/kg/day until the mice 

reached 18 months of age [13]. While 30 and 10 mg/kg/day prx p.o. both significantly increased the 

mortality among the APPswe/PS1ΔE9 mice, 5 mg/kg/day prx p.o. contributed only marginally to the 

mortality of the 18-month-old mice [7]. Here, we report the effect of chronic prx treatment at 5 

mg/kg/day p.o. on Aβ pathology in the hippocampus of 18-month-old APPswe/PS1ΔE9 mice. We also 

report the effect of 5,7-dihydroxytryptamine (5,7-DHT)-induced depletion of serotonin on the Aβ 

pathology in the hippocampus of 12-month-old mice APPswe/PS1ΔE9 mice. The effect of the prx 

treatment on working memory was assessed in the Y-maze test and the effect on neurogenesis by 5-

bromo-2'-deoxyuridine (BrdU)-labelling of newborn cells in the hippocampal neurogenic niche, in the 

dentate gyrus. Additionally, as Aβ deposition into plaques is associated with microgliosis [14], and 

SSRIs may directly target neuroinflammation in AD [1, 2], we also assessed the effect of prx treatment 

on Aβ plaque-induced microgliosis, in different subregions of the dentate gyrus in the 18-month-old 

APPswe/PS1ΔE9 mice.  

 

METHODS  

Animals 
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Hemizygous, double transgenic APPswe/PS1ΔE9 (Tg) mice [15] and wildtype (Wt) littermate mice were 

maintained as a colony on a C3H/HeN x C57BL/6 hybrid background (C3H/B6) at the Biomedical 

Laboratory, University of Southern Denmark. Mice were bred by crossing of hemizygous APPswe/PS1ΔE9 

male with C3H/HeN female mice. The APPswe/PS1ΔE9 mouse co-expresses the Swedish mutation in the 

AbPP gene APP and the ΔE9 deletion in the presenilin 1 (PS1) gene. Mice treated chronically with prx 

were transferred to the Translational Neuropsychiatric Unit, Risskov at the age of 8 months. These mice 

were all male mice and were individually caged from 9 to 18 months of age. Mice used for neurotoxin 

deletion of serotonin and for assessment of serotonin transporter (SERT) occupancy were male mice and 

were kept at the Biomedical Laboratory, University of Southern Denmark along with the female mice 

used for the study of serotonin transporter occupancy. All mice were housed under standard conditions, 

with food and liquid available ad libitum, 12-h light/dark cycle (lights on at 6:00 am) with constant 

temperature (21 ± 2°C) and humidity (52 ± 2%) and environmentally enriched cages (wood splints 

bedding, chewing sticks, free access to bedding material and/or mouse house). Mice carrying the rd/rd 

mutation, which is associated with blindness [16], were excluded from the study. Experiments complied 

with the ARRIVE guidelines and were approved by the National Danish Animal Research Committee 

(2013-15-2934-00814 and 2012-15-2935-00023) which accord with the EU Directive 2010/63/EU for 

animal experiments. 

 

Drug treatment 

Paroxetine. Mice were administered prx (Seroxat® oral solution 2 mg/ml) in the drinking water at a 

dose of 5 mg/kg/day, or normal drinking water (vehicle, veh), from 9 to 18 months of age. A total of 25 

APPswe/PS1ΔE9 and 26 Wt mice were divided into experimental groups as detailed in Table 1. Blood 

samples were obtained every 3rd month for the assessment of serum prx concentrations according to 

Olesen et al. [17], with minor modifications. To study the effect of prx on the survival of proliferating 

cells in the hippocampal neurogenic niche, mice were injected i.p. four times with 2-h interval with 5-

bromo-2'-deoxyuridine (BrdU) dissolved in phosphate-buffered saline (PBS) (50 mg/kg/injection) 30 

days prior to the termination as previously detailed [7]. 
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Serotonin transporter occupancy. The SERT occupancy in the hippocampus was performed using 

[3H]3-amino-4-(2-dimethylaminomethylphenylsulfanyl)-benzonitrile (DASB) [7]. The assessment was 

performed on sections from 18-month-old Wt mice treated with prx (5 mg/kg/day per os) (n = 3) or veh 

(n = 2) from 15 to 18 months of age (Table 1). The SERT occupancy was expressed as 100% minus the 

percentage of specific SERT labeling in the prx-treated mice, as previously detailed [7].  

5,7-Dihydroxytryptamine. Experimental material for studying the effects of depletion of serotonin (5-

hydroxytryptamine, 5-HT) on the hippocampal levels of Aβ was obtained from the study of [7] (Table 

1). In brief, 9-month-old APPswe/PS1ΔE9 and Wt mice received a stereotaxic injection either with 5,7-

dihydroxytryptamine (5,7-DHT) in 0.1% ascorbic acid in saline, to abolish the serotonergic raphe 

neurons, or saline with 0.1% ascorbic acid, generating DHT- and sham-lesioned mice, respectively. 

Mice were allowed to survive until 12-month-old. For procedural details, see Severino et al. [7].  

 

Spontaneous alternation behavior (SAB) 

Mice were allowed free exploration of the Y-maze (arm length: 40 cm; width: 8 cm; height: 16 cm) for 

8 min. Each mouse was placed at the distal end of one of the arms (facing away from the center) and 

allowed to explore all the arms freely for an 8 min testing period. The sequence of entries and the total 

number of entries was recorded by a trained observer. An actual entry was defined as the animal placing 

all four paws in a particular arm. A correct alternation was defined as visits into all three arms on 

consecutive occasions. The alternation ratio was calculated as in Olesen et al. [13, 17]. Mice with less 

than 10 entries were excluded, due to inactivity. The mice in the prx study were tested in the Y-maze at 

9 months (24 Wt and 23 Tg) and 18 months (13 Wt veh, 11 Wt prx, 8 Tg veh, and 7 Tg prx).  

 

Perfusion and tissue processing 

The mice in the prx study were deeply anaesthetized with pentobarbital, transcardially perfused with 10 

ml Sorensen’s phosphate buffer, pH 7.4, followed by 20 ml of 4% paraformaldehyde (PFA). The brains 

were immersion fixed in 4% PFA for 24 h followed by 1% PFA for 24 h. A mark was inserted into the 

right hemisphere and the brains were sectioned into 50 μm thick coronal sections in a vibratome (Leica, 
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DK) and placed in 24-well plates and stored in de Olmos cryoprotective solution at -14 °C. The 

processing of the mice in the DHT study is described in Severino et al. [7]. In brief, the left hippocampi 

were isolated and stored at -80 °C until used for biochemistry, while the right hemisphere was immersed 

in 4% PFA for 24 h and embedded in paraffin and sectioned into 30 μm thick sections on a microtome 

(Microm, HMP110, Finesse). 

 

Immunohistochemistry 

6E10 staining for human Ab. Vibratome sections were demasked in 70% formic acid diluted in H2O for 

15 min, at room temperature (RT), rinsed in tris-buffered saline (TBS) for 10 min, TBS + 1% Triton 

(TBS/T) for 3x15 min before pre-incubation in TBS/T + 10% fetal bovine serum (TBS/T/FBS) for 30 

min. The sections were incubated with biotinylated monoclonal mouse-anti-Aβ antibody (6E10, SIG-

39340, Biosite) in a concentration of 2 µg/ml diluted in TBS/T/FBS, first for 30 min at RT and next 

overnight (o.n.) at 4 °C. Biotinylated IgG1 (MG115, Invitrogen) in the same concentration was included 

for control of specificity. After adjustment to RT for 30 min the sections were rinsed in TBS/T for 3x15 

min, blocked in TBS/methanol/H202 (8:1:1) for 10 min, and rinsed in TBS for 5 min and TBS/T for 3x15 

min followed by incubation for 1 h, at RT, with horse radish peroxidase-streptavidin (HRP-SA) 

(RPN1231V, GE Healthcare) diluted 1:200 in TBS/T/FBS. After rinsing in TBS for 3x15 min, sections 

were developed with 3,3’-diaminobenzidine (DAB) for 10 min followed by rinsing in TBS for 3x5 min 

and mounting on gelatin-coated glass slides and drying o.n. Sections were dehydrated in ethanol in 

increasing concentrations, cleared in xylene, and coverslipped in Depex (Sigma). For the paraffin 

sections was used the same protocol as described above with the following modifications: Sections were 

de-paraffinized before staining, demasked in 70% formic acid for 30 min, and they were incubated with 

the secondary antibody for 3 h and developed in DAB for 5 min.  

BrdU staining for proliferating cells. The free-floating vibratome sections were stained for BrdU using 

the procedure described in Olesen et al. [13] and using the same biotinylated anti-BrdU antibody (Rat 

anti-BrdU, BU1/75, Abcam). The primary antibody and control rat IgG2a (Abcam) were used in a 

concentration of 1 µg/mL. For detection was used HRP-SA in TBS/T/FBS for 1 h, at RT, was used. 
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Sections were developed with DAB for 19 min. Sections were mounted on gelatin-coated glass slides 

and dried o.n., whereafter they were counterstained with Mayer’s haematoxylin (Sigma Aldrich) and 

dehydrated and coverslipped. 

Iba-1 staining for microglial cells. The free-floating vibratome sections were rinsed in TBS (30 min), 

TBS/T for 3x25 min and pre-incubated in TBS/T/FBS for 60 min followed by incubation with rabbit 

anti-Iba-1 antibody (Wako) in a concentration of 1µg/ml diluted in TBS/T/FBS first 1 h, at RT and then 

4 days at 4 °C. Sections were allowed to reach RT and then rinsed in TBS/T for 3x15 min and 1x30min, 

TBS for 15 min, blocked in methanol/H202 (50:1) for 30 min and rinsed in TBS for 15 min abd TBS/T 

for 2x1 h followed by incubation with anti-rabbit Envision+ HRP-labelled IgG (K4003) first 1 h, at RT 

and then o.n. at 4 °C.  After rinsing in TBS for 3x45 min, the sections were developed with DAB for 16 

min, rinsed in TBS for 2x30 min and trizma base for 30 min. The sections were mounted on gelatin-

coated glass slides and dried o.n., whereafter they were counterstained with toluidine blue, dehydrated 

and coverslipped. 

 

Morphometry 

The morphometry on the prx- and DHT-treated mice was performed by two observers, who were both 

blinded to the identity of the materials.  

Stereological estimation of % Aβ load in hippocampus. The estimation of the % Aβ load was performed 

on systematically uniformly and randomly sampled sections. For the mice in the prx study every 12th 

section containing the hippocampus was selected, providing 4-6 sections per mouse, which were 

counted bilaterally. For the mice in the DHT study every 10th section with hippocampus was used. The 

% Aβ load was estimated by use of a stereological grid counting technique. A BX50 microscope 

(Olympus) mounted with a computerized specimen stage (Olympus), and a DP70 camera (Olympus), 

connected to a PC with newCAST software (Visiopharm) was used. In the newCAST software a super-

image was obtained using a 4x objective (numerical aperture, NA = 0.13) and the hippocampus was 

delineated. The quantification of 6E10+ Aβ plaques was performed using a 40x objective (NA = 0.75), 

by meander sampling during which frames with a (x,y) step length of 287 µm x 216 µm stepping over 



	
	
	
	

9 

the hippocampus was placed. Using this step length ensured that 100% of the delineated region was 

analyzed. For the quantification 6x6 crosses were placed in each frame and only plaques touching the 

upper left center of a cross were counted. The percentage of the hippocampus covered by plaques was 

calculated as follows: 

 

%	𝐴𝛽	𝑙𝑜𝑎𝑑 =
𝑁𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑐𝑟𝑜𝑠𝑠𝑒𝑠	𝑡𝑜𝑢𝑐ℎ𝑒𝑑	𝑏𝑦	𝑎	𝑝𝑙𝑎𝑞𝑢𝑒
𝑇𝑜𝑡𝑎𝑙	𝑛𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑐𝑟𝑜𝑠𝑠𝑒𝑠	𝑖𝑛	𝑡ℎ𝑒	𝑅𝑂𝐼

	∗ 	100% 

Plaque density was given by the number of plaques per areal unit, and plaque size was calculated from 

the number of crosses hitting individual plaques. The coefficient of error (CE) for the individual 

estimates and for the group (CE) was calculated as done previously [18]. The coefficient of variance 

(CV) is given as standard deviation (SD)/mean.  

Scoring of Aβ load in stratum radiatum of CA1. Scoring was performed by two independent observers 

using a BX41 microscope (Olympus). To obtain an overview, the Aβ staining was first inspected using 

a x4 objective. The x40 objective (NA = 0.75) was used for validation of details. Scoring was carried 

out bilaterally in 2-3 sections from each mouse containing the dorsal hippocampus using a scale from 

1-5. The score 1 was given for no or scarce Aβ deposits, 2 for sporadic, small Aβ deposits, 3 for moderate 

Aβ deposits, 4 for abundant Aβ deposits, and 5 for very abundant Aβ deposits covering large parts of 

stratum radiatum of CA1. The average of the scores was used to calculate the median and interquartile 

ranges (IQRs) for the two groups.  

Counting of BrdU+ cells. The BrdU+ cells in the neurogenic niche were counted in every 4th section, i.e., 

in 16-17 sections containing the hippocampus. The quantification was performed unilaterally. Due to a 

very low number of BrdU+ cells, all BrdU+ cells in the subgranular zone and the granular layer of the 

dentate gyrus were counted manually, by using a BX41 microscope with 40x and 100x (NA = 1.20) 

objectives. The total number of BrdU+ cells was recorded and divided by the number of sections 

quantified in the mice thereby giving an average number of BrdU+ cells per section. Results are 

presented in dot diagrams with medians and IQRs for the average number of cells per section in 

individual mice.  
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Counting of Iba-1+ microglia. The counting of Iba1+ microglia was performed on n = 3 mice per group 

on two sections containing the dorsal hippocampus.  The APPswe/PS1ΔE9 mice used for the counting had 

a hippocampal % Aβ load around the mean. The quantification was performed unilaterally. The Iba-1+ 

cells were quantified in the hilus, molecular layer and subgranular zone of the dentate gyrus. The number 

of Iba-1+ cells in the hilus and molecular layer, was estimated by use of optical disectors using the 

equipment and software described in 2.5.1.1. A super-image was obtained using a 10x objective (NA = 

0.30) and the region of interest was delineated, whereafter counting was performed using a 100x 

objective by meander sampling. For the hilus and the molecular layer a sampling scheme with a (x,y) 

step length of 114 µm x 86 µm was used. For the hilus a counting frame of 50% (split into 3x3 frames, 

giving a total A(frame) = 4876 µm2) was used. For the molecular layer a counting frame of 20% (giving 

a total A(frame) = 1950 µm2) was used. The disector height (h) was set to 10 µm, based on z-axis 

distribution (not shown). The number of Iba-1+ cells per volume unit (mm3) was calculated as follows, 

with n being the number of frames analyzed:  

 

𝑁𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑚𝑖𝑐𝑟𝑜𝑔𝑙𝑖𝑎	𝑝𝑒𝑟	𝑣𝑜𝑙𝑢𝑚𝑒	𝑢𝑛𝑖𝑡	(𝑚𝑚3) =
𝑁𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑐𝑜𝑢𝑛𝑡𝑒𝑑	𝑚𝑖𝑐𝑟𝑜𝑔𝑙𝑖𝑎
𝑛(𝑓𝑟𝑎𝑚𝑒) 	∗ 𝐴(𝑓𝑟𝑎𝑚𝑒) ∗ ℎ

 

 

In the subgranular zone all Iba-1+ cells with a TB-stained nucleus were counted manually using the 100x 

objective and the length of the subgranular zone was measured by use of Visiopharm software. The 

results are given as the average number of Iba-1+ microglia per length unit (100 µm).  

 

Meso scale discovery multiplex for Aβ  

Protein was extracted from the left hippocampi of Tg sham and Tg DHT mice (n = 6/group). Tissue was 

sonicated in 300 mL ice cold PBS containing protease and PhosSTOP phosphatase inhibitor cocktail 

(Roche Diagnostics, Mannheim, Germany). Homogenates were centrifuged at 4°C for 20 min at 9000g. 

Supernatant were stored at -80°C, and pellets resuspended and sonicated for 6 sec in 5 M guanidine in 

50 mM Tris-HCl (4.8 g guanidine-HCl and 0.2 g Tris-HCl in 10 mL H2O) followed by agitation for 3 

h, at RT before being spun at 20,000g for 20 min at 4°C. Protein concentrations were determined using 
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Pierce BCA protein assay kit (#RB230507) and read at 595 nm on an Tecan SunRise Remote ELISA 

plate reader (FO39000) with a standard curve with 1 mg/ml bovine serum albumin. PBS and guanidine 

extracted Ab38, Ab40 and Ab42 was quantified using MSD V-plex Ab Peptide Panel 1 (6E10) kit 

(#K15200E-1) according to manufacturer’s instructions. The plate was read on a meso quickplex SQ120 

and data were obtained following the protocol for the reader.   

 

Statistics 

All statistical analysis were performed using the Graph Pad® version 6.0 for Windows. Data are 

presented as mean ± SD or as median with IQR [25;75]. Data were tested for Gaussian distribution. 

Grouped data were tested for statistical significance using two-way ANOVA followed by Tukey’s post-

hoc test. Difference between two groups was assessed using unpaired, two-tailed Student t-test or Mann-

Whitney. Statistical difference was set at *p < 0.05 and non-significant (ns) as p > 0.05. 

 

RESULTS 

Clinically relevant occupancy of the serotonin transporter is achieved by paroxetine treatment  

To ensure that the selected dose of 5 mg/kg/day prx was therapeutically relevant, we initially determined 

the occupancy of SERT in Wt mice, treated with prx p.o. from 15 to 18 months of age. Treatment 

resulted in 91% occupancy of SERT in the hippocampus (Fig. 1), which was in the range of the 86% 

occupancy of SERT measured for the neocortex in the same mice [7]. This documented that 5 mg/kg/day 

chronic prx p.o. is enough to reach the ≥ 80% occupancy of SERT, considered sufficient for the 

treatment of depression in humans [12].  

 

Paroxetine treatment and age affect mortality 

As we had previously recorded an increased mortality of mice treated with a higher dose of prx (30 

mg/kg/day adjusted to 10 mg/kg/day and next 5 mg/kg/day p.o.) [7], we measured prx concentrations in 

the serum and recorded mouse survival and body weight after 5 mg/kg/day prx treatment (Fig. 2A-C). 

The serum prx concentrations were 40-55 nmol/L (Table 2), which is considered within the therapeutic 
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range (20-65 nmol/L) [19]. Kaplan Meyer survival analysis showed that prx-treated Tg mice underwent 

premature death starting after four months of treatment and that 35% of these Tg mice were dead before 

reaching 18 months of age as compared to the veh-treated Tg mice, that underwent premature death 

starting after seven months of treatment and showed a mortality of 18% at 18 months. Wt mice survived 

for the entire duration of the experiments, regardless of treatment (Fig. 2B). As previously reported, age 

and prx treatment at 5 mg/kg/day p.o. increased the risk of premature death by 2.0 and 0.2, respectively 

[7]. 

 

Paroxetine treatment increases body weight in wildtype but not APPswe/PS1ΔE9 mice 

Weight gain is a well-known side-effect of chronic SSRI treatment in humans [20]. Two-way ANOVA 

analysis of the body weights, recorded after 8 months of treatment at 17 months of age, indicated an 

effect of treatment and genotype on the body weight [F(1,36) = 3.29, p = 0.08)] with Tukey’s post hoc test 

showing a significant difference in body weight of prx- and veh-treated Wt mice (p < 0.05) and no 

difference in body weight between prx- and veh-treated Tg mice (ns) (Fig. 2C). Taken together, these 

findings suggest that long-term treatment with prx in a dose of 5 mg/kg/day p.o. impacts Wt and 

APPswe/PS1ΔE9 mice differently.  

 

Spontaneous alternation behavior is neither affected by genotype nor paroxetine treatment 

Spatial working memory was assessed by spontaneous alternation behavior (SAB) in the Y-maze at 

baseline and after treatment in all experimental groups. At 9 months, Wt and Tg mice showed similar 

SAB score (Wt: n = 24, Tg: n = 23; p = 0.25, unpaired, two-tailed Student t-test) (Fig. 3A). At 18 months, 

two-way ANOVA showed no effect of genotype (F(1,35) = 1.50; p = 0.83) and treatment (F(1,35) = 0.22; p 

= 0.64) on the SAB-score, and also no genotype by prx interaction effects (F(1,35) = 0.05; p = 0.83) (Fig. 

3B). Furthermore, no differences in the number of entries were observed between any of the groups, 

indicating that the observed SAB scores could not be attributed to changes in locomotion. 

 

Clinically relevant paroxetine levels have no effect on Aβ pathology in hippocampus 
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The immunohistochemical staining for 6E10+ Aβ plaques in the hippocampus suggested a comparable 

% Aβ plaque load in veh- and prx-treated APPswe/PS1ΔE9 mice at 18 months of age (Fig. 4A). Statistical 

analyses of the stereologically quantified % Aβ plaque load showed no difference between the veh- 

(11.4 ± 2.8%, mean ± SD, n = 7) and prx-treated (10.0 ± 3.3%, n = 7) Tg mice (p = 0.39, unpaired, two-

tailed Student t-test) (Fig 3B). The mean CE and the corresponding CV are given in Table 3. Due to the 

considerable regional variation in density and sizes of the 6E10+ Aβ plaques in the different hippocampal 

subregions between mice (Fig. 4A), we additionally scored the Aβ plaque load in stratum radiatum of 

CA1, which is particularly affected in patients with AD [21]. This revealed no difference in Aβ plaque 

score between treatment groups ((veh: 2.5 [2.1; 2.9] (median with IQR), n = 7, vs. prx: 2.5 [2.3; 3.1], n 

= 7, ns, Mann-Whitney) (Fig. 4C).  

As SSRI treatment has previously been reported to impair initial Aβ plaque formation and growth 

[5], we also extracted information about the size and the density of the Aβ plaques in the hippocampus. 

Most of the plaques (~92%) were smaller than 2 x 103 μm2, a few ranged from 2 to 6 x 103 μm2 (~7%) and 

almost no plaques were found to be larger than 6 x 103 μm2 (~1%), just as no difference in size was observed 

between treatment groups (Fig 3D). In addition, no difference in plaque density (number of plaques / 105 

mm2) was observed between veh- (4.1 ± 0.4, mean ± SD, n = 7) and prx-treated (3.5 ± 0.4, n = 7) Tg mice 

(p = 0.32, unpaired, two-tailed Student t-test) (Fig. 4E). Taken together, 9 months of treatment with prx 

in a dose of 5 mg/kg/day was ineffective in reducing the Aβ plaque load or inducing lasting changes in 

the size and density of Aβ plaques in the hippocampus of the 18-month-old APPswe/PS1ΔE9 mice.  

 

Neither treatment nor genotype impact the survival of newborn cells in the neurogenic niche of 

hippocampus  

To evaluate the effect of prx treatment on the fate of proliferating cells in the hippocampal neurogenic 

niche, mice were injected with BrdU 30 days prior to termination. Scattered BrdU+ cells were observed 

both in the subgranular zone and in the granule cell layer of the dentate gyrus (Fig. 5A). Quantification 

showed comparable numbers of BrdU+ cells in the dentate gyrus in Tg and Wt mice independent of prx 

treatment (p > 0.05, Mann-Whitney, all comparisons) (Fig. 5B). Only very few, and sometimes no 
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BrdU+ cells at 18 months of age, were observed. To allow comparison with data published in Olesen et 

al. [13], data are also presented as the number of BrdU+ cells per section, which are as follows: 0.05 ± 

0.08 cells (mean ± SD) (Wt veh), 0.16 ± 0.17 cells (Wt prx), 0.19 ± 0.21 cells (Tg veh) and 0.11 ± 0.09 

cells (Tg prx) (p > 0.05, Mann-Whitney, all comparisons). Finally, by calculating the percentage of 

BrdU+ cells in the subgranular zone and the granule cell layer, we found that the fraction of BrdU+ cells 

in general was higher in the granule cell layer than in the subgranular zone (Fig. 5C), indicating that the 

newly born cells migrated and differentiated into granule cells. Overall, there were no differences in the 

number of BrdU+ cells that could be ascribed to either prx treatment or genotype 30 days after BrdU 

injection.  

 

Long-term paroxetine treatment does not impact microgliosis in APPswe/PS1ΔE9 mice  

To investigate if long-term prx treatment affects the microglial response to Aβ we quantified the number 

of Iba-1+ cells, microglia, in the dentate gyrus of 18-month-old APPswe/PS1ΔE9 and Wt mice. Microglia 

were evenly distributed in the Wt mice, while in Tg mice they additionally occurred in clusters (arrows 

in Fig. 6A), surrounding plaque-like amorphous material (not shown). As quantification showed no 

difference in the number of microglia/mm3regarding treatment in neither the hilus nor the molecular 

layer (n=3/group, data not shown) and no difference in the number of microglia/100 μm in the 

subgranular zone, groups were merged and analyzed for an effect of genotype on microglia. Comparison 

showed a significantly higher number of microglia in Tg compared to Wt mice in the hilus (Wt: 8,950 

[8,350; 11,600] Median [25%;75%] vs. Tg: 16,200 [13,050;  20,500] microglia/mm3, n = 6/group, p < 

0.01, Mann-Whitney), the molecular layer (Wt: 17,300 [15,550;  20,800] vs. Tg: 38,500 [34,700; 

43,050] microglia/mm3, n = 6/group, p < 0.01, Mann-Whitney), and in the subgranular zone (Wt: 2.0 

[1.8; 2.2] vs. Tg: 2.2 [2.2; 2.9] microglia/100 μm, n = 6/group, p < 0.05, Mann-Whitney) (Fig. 6B-D). 

The number of clusters of Iba-1+ microglia was significantly higher in APPSWE/PS1ΔE9 compared to Wt 

mice in both the molecular layer (Wt: 0.0 [0; 0]) vs. Tg: 1.8 [1.8; 2.2]); n = 6/group; Mann-Whitney, p 

<  0.05) (Fig. 6F) and the subgranular zone (Wt: 0.0 ± 0.0 vs. Tg: 0.4 [1.8; 6.3]); n = 6/group; p < 0.01, 

Mann-Whitney) (Fig. 6G). Clusters were also observed in the hilus in Tg but not in Wt mice, however, 
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the occurrence was variable (Wt: 0.0 [0; 0]) vs. Tg: 0.7 [0; 1.3]; n=6/group, p = 0.18, Mann-Whitney) 

(Fig. 6E). Taken together, the results suggest that prx treatment has no effect on microgliosis in 

APPSWE/PS1ΔE9 mice. 

 

Chronic depletion of serotonin has no effect on Aβ pathology in hippocampus 

To investigate the effect of serotonin on Aβ plaque load and Aβ levels in the hippocampus, 9-month-

old APPswe/PS1ΔE9 and Wt mice were subjected to serotonergic deafferentation, by 5,7-DHT injection, 

and allowed to survive until 12 months of age. Scattered 6E10+ Aβ plaques were present in the 

hippocampus in both the DHT- and sham-injected Tg mice (data not shown). Quantification showed no 

significant differences in the % Aβ plaque load between the sham- (1.16 ± 0.76%) and the DHT-injected 

groups (1.72 ± 0.51%; p = 0.08, Mann-Whitney; Fig. 7A). However, there was considerable scatter in 

the plaque load data, especially in the sham-injected mice, which might have limited this study’s power 

to detect potential differences of serotonin depletion on Aβ pathology. Nevertheless, there were no 

differences in the level of Ab40 in DHT and sham Tg mice in neither the PBS (DHT: 457.0 ± 127.9 

pg/mg vs. sham: 423.5 ± 176.4 pg/mg) nor the guanidine fraction (DHT: 1.69 ± 0 .57 pg/mg vs. sham: 

1.88 ± 0.85 pg/mg) (ns, Mann-Whitney), as well as no differences in the level of Ab42 in DHT and sham 

Tg mice in neither the PBS (DHT: 289 ± 113.8 pg/mg vs sham: 253.6 ± 107.1 pg/mg) nor the guanidine 

fraction (DHT: 20.66 ± 5.68 pg/mg vs. sham: 17.35 ± 6.03 pg/mg) (ns, Mann-Whitney). Moreover, no 

difference was observed in the Ab40/Ab42 ratio in the hippocampus of DHT and sham Tg mice in neither 

the PBS (DHT: 1.71 ± 0.26 vs. sham: 1.65 ± 0.35) nor guanidine fraction (DHT: 0.10 ± 0.05 vs. sham: 

0.09 ± 0.03) (ns, Mann Whitney, both comparisons) (Fig. 7B). Overall, these data suggest that 

serotonergic deafferentation for a period of 3 months starting from 9 months of age, has no effect on Aβ 

pathology in the hippocampus of 12-month-old APPswe/PS1ΔE9 mice.  

 

DISCUSSION  

The treatment protocol we have used to administer prx in the APPswe/PS1ΔE9 mouse model of AD 

resulted in serum concentrations of prx within the therapeutic range in humans (20-65 nmol/L) [19]. 
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Additionally, we have shown that three months of treatment with this dose resulted in 91% SERT 

occupancy measured in the hippocampus, which is comparable to the 86% SERT occupancy measured 

in the neocortex of the same mice [7]. In humans, therapeutic doses of prx at 0.3 mg/kg/day p.o. result 

in > 80% occupancy of SERT [12]. These results indicate that the p.o. administration of prx at a dose of 

5 mg/kg/day, corresponds to clinically relevant human dosing with respect to serum concentrations and 

brain exposure. Unlike our previous study using high prx concentrations [7], the drug at 5 mg/kg/day 

appeared to be well-tolerated. Moreover, prx-treated Wt mice showed significant weight gain compared 

to veh-treated mice. Weight-gain is a well-known side-effect of long-term SSRI-treatment in the clinic 

[20], further supporting the translational relevance of our prx administration model. Interestingly, we 

did however not, observe an increase in weight in APPswe/PS1ΔE9 mice treated with prx. This indicates 

that prx exerts different effects in Wt and APPswe/PS1ΔE9 mice, raising the question, whether this is also 

the case in subjects with MCI and AD? Altogether, the results of our dose-characterization studies show 

that 5 mg/kg/day and the p.o. route of prx administration is well-suited for investigating the long-term 

effects of prx treatment in APPswe/PS1ΔE9 mice. 

Previously published preclinical studies have reported that four months of treatment with 

citalopram reduces % Aβ plaque load and levels of Aβ40 and Aβ42 in both the neocortex and 

hippocampus of 7-month-old APPswe/PS1ΔE9 mice [3] (Table 4). Additionally, it has been reported that 

five months treatment with prx in a dose of 5 mg/kg/day i.p. reduces neuronal Aβ immunoreactivity in 

the hippocampus in 10-month-old 3xTgAD mice [4]. The results of the earliest published translational 

studies thereby suggested that administrating SSRIs prophylactically, starting at a time when Aβ plaques 

are barely apparent in APPswe/PS1ΔE9 mice [3] or intraneuronal Aβ is beginning to appear in 3xTg AD 

mice [4], would be efficient in reducing both extra- and intracellular Aβ pathology in the cerebral cortex. 

The modulatory effect of SSRIs on Aβ load has been suggested to act on the formation and growth of 

plaques, by stimulating the formation of non-amyloidogenic soluble (s) sAbPPa, inhibition of the g-

secretase, or by interferring with Ab aggregation [3, 5, 8, 11, 22, 23]. Characterization of the time-

profile of the increase in % Aβ plaque load from three to 24 months in the APPswe/PS1ΔE9 mice supports 

a continued production of Aβ with the very first plaques becoming apparent at three months of age and 
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steadily increasing up till 18 to 24 months in both the hippocampus [24] and the neocortex [25]. Using 

a prophylactic treatment strategy, we were however, unable to detect a beneficial effect of six months 

of treatment with escitalopram p.o. on the levels of insoluble and soluble Aβ42 as well as Aβ40 in both 

neocortex and hippocampus in 9-month-old APPswe/PS1ΔE9 mice [6]. Rather, the level of insoluble Aβ42 

and Aβ40 in the neocortex were marginally higher in the escitalopram treated as compared to the 

untreated APPswe/PS1ΔE9 mice [6] (Table 4). These results stand in contrast to a more recent study by 

Cirrito et al. [11] reporting that four months of p.o. treatment with escitalopram reduces % Aβ plaque 

load and levels of insoluble Aβ42 and Aβ40 in hippocampus of 8-month-old APPswe/PS1ΔE9 mice (Table 

4). The major difference between the latter two studies is the genetic background of the mice, the 

APPswe/PS1ΔE9 mice having a C57BL/6 background in von Linstow et al. [6] and a C3H/B6 background 

in Cirrito et al. [11]. Another difference being the caging, the mice were single caged in von Linstow et 

al. [6], whereas the caging was not indicated in Cirrito et al. [11] (Table 4). Interestingly, prophylactic 

treatment with fluvoxamine for 8 months did not affect levels of insoluble Ab42 and Ab40 in 13-month-

old J20 mice either [8]. It is therefore difficult to reconcile the currently available data on the use of 

SSRIs as a preventive treatment strategy for reducing Aβ pathology. 

To our knowledge, the effect of SSRI-treatment on Aβ plaque load at 18 months of age, after 9 

months of treatment, has so far only been investigated in a quantitative manner by our group [7,13] 

(Table 4). Olesen et al. [10] reported a mitigating effect of prx treatment on the Aβ plaque load in the 

hippocampus of APPswe/PS1ΔE9 mice at 18 months based on comparison of a relatively small number of 

prx-treated (n = 5) and veh-treated APPswe/PS1ΔE9 mice (n = 9), while Severino et al. [7] showed no 

difference in Aβ plaque load in the neocortex comparing considerably larger numbers of prx-treated (n 

= 12) and veh-treated APPswe/PS1ΔE9 mice (n = 18) (Table 4). Considering the validity of the stereology-

based estimation of the % Aβ plaque load in our different studies, the CV on the % Aβ plaque load 

estimates in the prx and veh treatment groups in Olesen et al. [13] was 0.29 and 0.24, respectively, while 

in the present study the CV was 0.33 and 0.25, respectively, with 7 APPswe/PS1ΔE9 mice in each treatment 

group. In Severino et al. [7] the CV on the neocortical % Aβ plaque load estimates in the prx and veh 

treatment groups was 0.24 and 0.17, respectively. Overall, the CVs were within the same range and 
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considered acceptable for experimental material. Taken together the absence of effect of prx treatment 

on the neocortical % Aβ plaque load in Severino et al. [7], and the present finding of an absence of effect 

on the hippocampal % Aβ plaque load in APPswe/PS1ΔE9 mice treated with 5 mg/kg/day prx p.o., 

questions the relevance of the use of SSRIs, as a therapeutic strategy, with the aim to either arrest Aβ 

deposition or reducing established Aβ pathology in patients with AD.  

We reported a comparable spatial working memory assessed by the spontaneous alternation 

behavior in the Y-maze. Both at 9 (n = 23-24 mice/group) and 18 months (n = 7-14 mice/group) 

APPswe/PS1ΔE9 and Wt mice had similar SAB score, with no effect of the prx- or DHT-treatment. While 

the absence of a phenotype at 9 months agrees with the observations reported in Olesen et al. [13], the 

results obtained in the Y-maze testing of the 18-month-old APPswe/PS1ΔE9 and Wt mice contrast with 

our previous study showing an impaired spatial working memory of the APPswe/PS1ΔE9 mice at 18 

months [13]. Other studies have both reported impaired spatial working memory of APPswe/PS1ΔE9 mice 

at 12 months of age using a slightly different Y-maze protocol [26]. As the Y-maze especially depends 

on the hippocampus and the prefrontal cortex, future studies should include more hippocampal-

dependent learning tasks, such as the Barnes maze, to evaluate impairment of learning and memory 

acquisition in greater detail. In Olesen et al. [13], we aimed to link effects of SSRI treatment and 

genotype in the Y-maze with neurogenesis. However, the main factor affecting neurogenesis was age, 

meaning that the number of newborn neurons reduced dramatically with age [13]. It was therefore not 

surprising to observe that only very few BrdU-labelled cells had been incorporated into the granular cell 

layer in the present study, where mice were injected with BrdU when 17-month-old. The lack of newly 

formed cells might present a general problem for cognition in the 18-month-old mice, regardless of 

genotype, as also indicated by the Y-maze data. 

In addition to the Aβ-containing amyloid plaques and the neurofibrillary tangles, AD is also 

characterized by a chronic microglial-driven neuroinflammatory reaction [14]. Microglia express 

several 5-HT receptors, including the 5-HT2A and 5-HT2B, and 5-HT4 receptors [27, 28]. A cardinal 

feature of the microglial response in Tg AD model mice, including APPswe/PS1ΔE9 mice, is that the 

activated microglia form clusters around the amyloid plaques [14, 24, 25]. In this study we observed an 
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approximately two-fold increase in the density of Iba-1+ microglia in the 18-month-old APPswe/PS1ΔE9 

mice. As prx treatment did not influence the density of Iba-1+ microglia in any of the investigated 

hippocampal subregions in the APPswe/PS1ΔE9 mice, suggesting that prx treatment did not affect the Ab 

plaque-induced proliferative and migratory response of the microglia. In vitro, serotonin has been shown 

to stimulate phagocytosis of Aβ by macrophages [29] and to stimulate the release of the enzyme 

insulysin from microglia [28]. Insulysin, also known as insulin degrading enzyme, is an Aβ-degrading 

enzyme which is involved in the phagocytic clearance of Aβ by microglia [28, 30, 31]. However, the 

absence of effect of the SSRI treatment on the % Ab plaque load indicated that the treatment did not 

reduce microglia phagocytic clearance of Ab, regardless of the effect of 5-HT on 

microglia/macrophages in vitro.  

Although, our data showing no effect of chronic SSRI treatment on Aβ pathology in young adult 

as well as in aging APPswe/PS1ΔE9 mice [6, 7, this study] (Table 4), are disappointing, they are in line 

with the [18F]-AV45-PET results by Brendel et al. [2] showing no effect of chronic SSRI-treatment on 

amyloid plaque load in subjects with MCI and AD. Their finding, that SSRI treatment improved 

cognition and reduced grey matter atrophy in subjects with MCI and AD, with depression, is however 

very encouraging, suggesting that modulation of serotoninergic signaling pathways is able of halting 

neurodegeneration and cognitive decline in subgroups of patients by mechanisms that are independent 

of the severity of the cerebral amyloidosis [2]. Mechanistically, this likely include one or more of the 

several different neuronally and/or glial-expressed 5-HT receptors, as well as other neurotransmitter 

receptors, known to have trophic and pro-cognitive functions [22, 27, 30, 34]. 

 

Concluding remarks 

The results of the present study demonstrate that chronic treatment with a therapeutically relevant dose 

of the SSRI prx is unable to reduce Ab pathology in the hippocampus of plaque-bearing APPswe/PS1ΔE9 

mice. In combination with our former findings of an absence of effect of higher doses of prx on Aβ 

plaque load in the neocortex, these results question the efficacy of chronic prx treatment in reducing 

amyloid plaque formation and growth in patients with AD.  
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Table 1. Study design  

 

Experimental 

group 

Treatment/ 

Intervention 

Genotype  Treatment period 

Wt (n) Tg (n)  

SERT occupancy Vehicle  2 - 15-18 months  

 Paroxetine 5 mg/kg/day 3 - 

Chronic paroxetine 

treatment 

Vehicle  15 11 (7) * 9-18 months  

 Paroxetine 5 mg/kg/day 11 14 (7) * 

5,7-DHT-induced loss of 

5-HT 

Sham  - (6) * 9-12 months  

 5,7-DHT - (6) * 

Data on the neocortex of the same mice were previously reported in Severino et al. [7]. 

*Numbers in parentheses show the number of Tg mice used for analysis of Ab plaque load or Ab levels.  
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Table 2. Paroxetine concentrations in serum 

 

 

Age  

(n) 

Paroxetine concentration in nmol/L1)  

Mean ± SD 

Wt Tg 

10.5 months (n = 13) 39.9 ± 30.0  43.0 ± 32.5  

13.5 months (n = 15) 56.8 ± 46.3  50.9 ± 41.5  

16.5 - 18 months (n = 19) 49.3 ± 23.4  41.9  ± 35.2  

1)Therapeutic levels in serum in humans are 20-65 nmol/L [19].  
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Table 3. Precision of stereological estimates of the % Ab plaque load in 18-month-old 

APPswe/PS1ΔE9 mice 

 

 

Treatment n 

 

% Ab plaque load 

Mean ± SEM 

CE CV 

 

Vehicle 

 

7 11.4 ± 0.4% 0.11 0.33 

 

Paroxetine 

 

7 10.0 ± 0.5% 0.14 0.25 

The CE and CV are calculated as in West et al. [18]. CE, coefficient of error. CV, coefficient of variation. 

SEM, standard error of the mean. 
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Table 4. Studies of the effect of chronic SSRI treatment on Ab pathology in APPswe/PS1ΔE9 transgenic 
mice1 

 
Type of 

SSRI 
Genetic 
back-

ground 

Sex Treatment 
period 

Dose & 
Admini- 
stration 

Caging No. of 
mice 

SSRI/Veh 

Effect on Ab pathology 
 

 
References 

% Ab 
plaque load 

Ab42  
levels 

Citalopram 
 

C3H/B6 
 

 
F 3-7 months 8 mg/kg/day 

p.o. 

 
Mixed 

 
10/10 

Reduced 
NCx and Hp 

Reduced NCx 
and Hp, insol. 
No effect, sol. 

Cirrito et al. 
[3] 

Citalopram C3H/B6 

 
 

F/M 6-7 months 10 mg/kg/day 
i.p. 

 
n.a. 

 

 
8/6 

Reduced 
growth of 

Ab plaques 
NCx2 

 
n.a. Sheline et al.  

[5] 

Escitalopram C3H/B6 
 

F/M 4-8 months 
2.5 and 5 

mg/kg/day 
p.o. 

 
n.a. 

8/8 
per dose 

Reduced in 
Hp 

 

Reduced Hp, 
Insol. 

 

Cirrito et al. 
[11] 

Escitalopram C57BL/6 

 
 

F/M 
 

3-9 
months 

 
5 mg/kg/day 

p.o. 

 
 
 

Single 

 
 
 

10/10 

 
 
 

n.a. 

Marginally 
increased NCx 
(p=0.089), no 

effect Hp, 
insol. 

No effect, sol. 

von Linstow 
et al. [6] 

Paroxetine C3H/B6 

 
 

M 9-18 
months 

30 reduced to 
10 and then 5 

mg/kg/day 
p.o. 

 
 

Single 

 
 

5/9 

Reduced Hp 
(For results 

on 5 
mg/kg/day, 

‘This study’) 

 
 

n.a. Olesen et al. 
[13] 

Paroxetine C3H/B6 

 
 

M 
 
 

9-18 
months 

5 or 10 
mg/kg/day    

p.o. 

 
Single 

 
12 /21 

 
No effect 

NCx 

 
n.a. 

Severino et 
al. [7] 

9-12 
months 

10 mg/kg/day 
p.o. 

 
Mixed 

 
7/10 

 
No effect 

NCx 

No effect 
NCx, insol. 

and sol. 

Paroxetine C3H/B6 
 

M 
 

9-18 
months 

5 mg/kg/day  
p.o. 

 
Single 

 
7/7 

 
No effect Hp 

 

 
n.a. This study 

Abbreviations: F; female, Hp; hippocampus, IR; immunoreactivity, insol; insoluble, i.p., intraperitoneal, M; male, n.a.; not 
available, NCx; neocortex; p.o.; per os (drinking water), sol; soluble. 
1All mice used were littermate, hemizygous APPswe/PS1ΔE9 mice. 
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Figure legends 

 

Fig. 1. Serotonin transporter (SERT) occupancy.  SERT occupancy in hippocampus of Wt mice treated 

with 5 mg/kg prx from 15 to 18 months of age is reduced by 91% SERT occupancy as compared to veh-

treated mice. Data are presented as mean ± SD.  

 

Fig. 2. Timeline and effect of paroxetine treatment on the survival and body weight of wild type and 

APPswe/PS1ΔE9 mice. Prx, paroxetine; Tg, transgenic; Veh, vehicle; Wt, wildtype. (A) Timeline of the 

paroxetine treatment study showing the timepoints for blood sampling and BrdU injection of Wt and Tg 

mice.  (B) Kaplan Meyer diagram showing the survival of Wt and Tg mice from 9 to 18 months of age. 

Numbers of mice before and after treatment are shown, with the number before initiation of treatment 

in brackets. (C) Body weight of Wt and Tg mice at 17 months of age after treatment with 5 mg/kg/day 

of  prx or veh from 9 months of age showing an increased body weight after 8 months of treatment an 

selectively in the prx-treated Wt mice showed (n=10-14/group). Data are presented as mean ± SD. Two-

way ANOVA (ns) followed by Bonferroni multiple comparison test. *p < 0.05. 

 

Fig. 3. Comparable spontaneous alternation behavior scores of wild type and APPswe/PS1ΔE9 mice at 9 

and 18 months. Prx, paroxetine; Tg, transgenic; Veh, vehicle; Wt, wildtype. (A) Spontaneous alternation 

behavior (SAB) score of Tg and Wt mice at 9 months of age prior to the initiation of treatment (n = 23-

24 mice/group). Unpaired, two-tailed, Student t-test, ns. (B) SAB score of Tg and Wt mice at 18 months 

of age after 9 months of veh or prx treatment. Number of mice in each group at 18 months, Wt veh (n = 

14); Wt prx (n = 8); Tg veh (n = 10); Tg prx (n = 7). Two-way ANOVA followed by Tukey's post hoc 

test, ns. No significant difference in SAB score as consequence of genotype, age, or treatment. Data are 

presented as means ± SD.  

 

Fig. 4. No effect on Aβ pathology in hippocampus of 18-month-old APPswe/PS1ΔE9 mice treated with 

paroxetine for 9 months. Prx, paroxetine; Tg, transgenic; Veh, vehicle; Wt, wildtype. (A) 
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Immunohistochemical visualization of Aβ plaques in the hippocampus of veh- and prx-treated Tg mice 

at 18 months. CA1, CA3, regio superior and inferior hippocampus; DG, dentate gyrus; h, hilus; lm, 

stratum lacunosum-moleculare; ml, molecular layer; o, stratum oriens; p, pyramidal cell layer; r, stratum 

radiatum.  Bar: 400 μm. (B) Hippocampal % Aβ plaque load in veh and prx mice. Dot diagram with 

mean ± SD. Unpaired, two-tailed Student t-test, ns. (C) Aβ scores in stratum radiatum CA1 in veh- and 

prx-treated Tg mice. Dot diagram with median and IQR. Mann-Whitney, ns. (D, E) Bar graphs showing 

the size distribution in % of the total plaques (D), and the density of plaques (E), in veh- and prx-treated 

Tg mice (n = 7/group). Data in (E) analyzed by unpaired, two-tailed Student t-test, ns. 

  

Fig. 5. Paucity of BrdU+ cells in the neurogenic niche one month after BrdU labelling in 18-month-old 

mice regardless of genotype. Prx, paroxetine; Tg, transgenic; Veh, vehicle; Wt, wildtype. (A) 

Immunohistochemical staining showed BrdU+ cells (arrows) in the granular cell layer (gcl) and 

subgranular zone (sgz) of the dentate gyrus 30 days after BrdU injection. h, hilus; ml, molecular layer. 

Bar: 40μm. (B) Dot diagram with indication of the mean showing the total number of BrdU+ cells/mouse 

in the dentate gyrus. Mann-Whitney, ns, all comparisons. (C) Graphic illustration of the fraction of 

BrdU+ cells that must have migrated from the subgranular zone into granular cell layer compared to the 

fraction of BrdU+ cells remaining in the subgranular zone.   

 

Fig. 6. Effect of the APPswe/PS1ΔE9 genotype but not of treatment on the number of Iba1+ microglial 

cells. Tg, transgenic; Wt, wildtype. (A) Iba-1+ microglia are evenly distributed in the dentate gyrus in 

Wt mice and additionally appear in clusters (arrows) in Tg mice. gcl, granular cell layer; h, hilus; ml, 

molecular layer. Prx, paroxetine; Veh, vehicle. Bar: 300 μm. (B-D) Bar graphs showing a higher number 

of Iba-1+ microglia in Tg vs. Wt mice in hilus (B), molecular layer (C), and along the subgranular zone 

(D). (E-G) Bar graphs show microglial clusters in Tg vs. Wt mice in hilus (E) and molecular layer (F), 

and along the subgranular zone (G). Data are presented as cells/mm3 (B-C) or cells/100μm (D) for n = 

6 Wt or Tg mice (3 veh and 3 prx mice/group). Bars represent median and IQR. Mann-Whitney. *p < 

0.05, **p < 0.01. 
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Fig. 7. Serotonergic deletion does not affect Aβ pathology in APPswe/PS1ΔE9 mice. (A) Dot diagram 

showing comparable % Aβ load in DHT and Sham mice. Data represent the median with IQR. Mann-

Whitney, ns. (B)  Dot diagram showing comparable Aβ40/Aβ42 ratio in PBS (soluble) and guanidine 

(insoluble) fractions of hippocampal homogenates showing no differences between controls (sham) and 

DHT Tg mice. Data represent the median with IQR. Mann-Whitney, ns, both comparisons. 
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