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- Après exposition chronique 



 

 
 

 

 

 

 

 

 

 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 

  

 

 

  



 

 
 

 

 

  

  

- Evaluer les effets aigus, de type confusion, survenant après instauration du 

traitement ; 

- Evaluer les effets chroniques, 

processus cognitifs ; 

- Mettre en relation les effets comportementaux observés avec l à 

ces en substances actives (par mesure des concentrations plasmatiques), 

après administration aiguë et chronique. 
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ABSTRACT: 

Tramadol, a widely prescribed opioid analgesic, is often described as having cognitive 

adverse effects. However, the characterization of these short- and long-term effects and 

the relationship to tramadol exposure remains unclear. This study aimed to investigate 

the relationship between systemic tramadol exposure and cognitive outcomes of acute 

and chronic tramadol exposure in Sprague-Dawley rats. Animals received daily oral 

gavage of tramadol (25 or 50mg/kg) or vehicle for six weeks. Acute effects were evaluated 

via 24-hour locomotor activity following the first dose. Long-term cognitive performances 

were assessed using the Morris Water Maze (spatial memory) and the Novel Object 

Recognition Test (recognition memory), conducted 16h post-administration to minimize 

acute drug effects. Acute and chronic exposure to tramadol and liver function were 

evaluated respectively by measuring plasma concentrations of tramadol and its active 

metabolite O-desmethyltramadol, and hepatic transaminases (AST and ALT). Tramadol 

induced dose-dependent changes in locomotor activity, with hypoactivity at low dose 

and hyperactivity at high dose. While spatial memory remained unaffected after 

prolonged treatment, recognition memory was significantly impaired in both tramadol-

treated groups, with deficits persisting up to six weeks after treatment cessation. 

Biochemical analysis revealed increases in hepatic transaminases associated with drug 

accumulation following chronic administration. These findings highlight that tramadol 

may induce acute behavioral perturbations that may reflect the delirium described in 

older adults. Chronic exposure may lead to cognitive deficits due to a drug accumulation 

and hepatic dysfunction. These results raise concerns regarding the long-term use of 

tramadol and the risks of overexposure, especially in vulnerable individuals. 

 

KEY WORDS: behavior, animal, cognition, locomotor activity, memory, 

pharmacokinetics 

 

 

 



 

 
 

GRAPHICAL ABSTRACT: 

 

  



 

 
 

1. INTRODUCTION 

Tramadol is a centrally acting opioid analgesic primarily prescribed for moderate-

to-severe pain in both acute and chronic conditions (Roulet et al., 2021). Its dual 

mechanism of action, combining mu-opioid binding activity with inhibition of 

norepinephrine and serotonin reuptake allows it to target mixed nociceptive and 

neuropathic pain, contributing to its widespread use (Raffa et al., 1992). In 2015, 

tramadol was one of the most commonly used mild opioids in Europe (Hider Mlynarz et 

al., 2018) and the United States (Bigal et al., 2019), with prescription rates particularly 

high among older adults (Brocard et al., 2017; Chenaf et al., 2019; Hedenmalm et al., 

2019). This trend is concerning, as tramadol is increasingly prescribed long-term in this 

population (Warner et al., 2022). 

Older individuals are particularly vulnerable to iatrogenic adverse events due to 

comorbidities, polymedication and age-related pharmacokinetic and pharmacodynamic 

variability (ElDesoky, 2007). Compared with younger adults, changes in pharmacokinetic 

can result in systemic drug accumulation at equivalent administrated doses (Kaye et al., 

1989). Consequently, chronic treatment in the elderly may results in drug overexposure, 

especially for psychoactive substances, partly attributable to age-related alteration of 

the blood-brain-barrier (Jansen and Brouwers, 2012). Clinical studies have suggested 

that both short and long-term tramadol use in older adults may be associated with 

cognitive disturbances, ranging from acute delirium to impairments in memory, language 

and attention, potentially related to its anticholinergic properties (Attoh-Mensah et al., 

2020; Bassiony et al., 2017). However, interpretation of causality is complicated by 

confounding clinical factors such as underlying comorbidities or drug-drug interactions. 

In this context, animal models may provide a valuable approach for characterizing 

the occurrence of adverse effects following drug administration, in controlled 

experimental conditions. Tramadol effects on cognitive capabilities have already been 

investigated in rodents following acute administration. In mice, a single dose (2.5 and 

5mg/kg, IP) administered 30min before passive avoidance test led to a dose-dependent 

memory impairment (Jafari-Sabet et al., 2018). In Novel Object Recognition Test (NORT), 

Wistar rats receiving a single dose (20 mg/kg, IP) 90min before acquisition showed 



 

 
 

impaired discrimination performances (Hosseini-Sharifabad et al., 2016a). Similarly, 

chronic tramadol treatment also demonstrated long-lasting deficits in recognition 

memory (Adekomi et al., 2019; Hosseini-Sharifabad et al., 2016a) and spatial memory 

and learning, with reduced time in the Morris Water Maze (MWM) target quadrant and 

increased escape latency (Adekomi et al., 2019; Baghishani et al., 2018; Mehdizadeh et 

al., 2017). However, most studies reporting memory impairment present two major 

methodological biases. First, reliance on single tests limits cognitive assessment. 

Second, behavioral testing is often conducted shortly after the last administration, 

making it difficult to distinguish acute effects related to peak plasma concentration from 

long-term effects occurring at steady state. This distinction is particularly relevant given 

that -life in rat is approximately 142min, but may be prolonged under 

conditions of chronic treatment (Sheikholeslami et al., 2016). Hosseini-Sharifabad and 

colleagues (Hosseini-Sharifabad et al., 2016a) and Mehdizadeh and colleagues 

(Mehdizadeh et al., 2017), conducted behavioral tests, respectively 90 and 30minutes 

after chronic administration protocol (20mg/kg/d, 21d, IP and 20 to 80mg/kg/d, 30d, IP). 

Interestingly, Adekomi and colleagues investigated the effects of tramadol 24 hours after 

the last dose of a 30-day treatment. In this study, authors used high doses (60mg/kg, SC, 

twice daily) to mimic tramadol misuse and highlighted cognitive alterations (Adekomi et 

al., 2019). Finally, cognitive impairments were also reported by Baghishani and 

colleagues and Mowaad and colleagues (respectively, 50mg/kg/d, OG for 28 days and 

20mg/kg/d, IP for 2 months), but without specifying the administration-to-testing interval 

(Baghishani et al., 2018; Mowaad et al., 2022). Furthermore, none of these studies 

investigated the relationship between the observed cognitive effects and the 

pharmacokinetic data concerning tramadol after chronic administration. Consequently, 

to our knowledge, no data is available in rats regarding steady-state plasma 

concentrations of tramadol under chronic treatment conditions. 

With an original design, this study aimed to model in adult rats the drug 

overexposure that occurs in elderly after chronic administration and to investigate 

alterations in short- and long- term cognitive processes associated with this 

overexposure. A further objective was to establish a relationship between 

pharmacokinetic parameters and behavioral outcomes following acute and chronic 



 

 
 

tramadol administration at both therapeutic and supratherapeutic doses. We used a 

combination of widely used behavioral tests such as MWM and NORT to enable a 

comprehensive evaluation of cognitive functions while reducing biases inherent in single-

test approaches. 

 

2. METHODS 

2.1. Animals 

Sprague-Dawley rats (200-300g, 6 weeks old) were used for this study (Janvier 

Labs, France). To minimize confounding effects associated with age-related cognitive 

decline, the study was conducted in healthy adult rats subjected to an overexposure 

dose. This experimental choice also avoided the practical limitations inherent to 

behavioral testing in aged animals. Animals were allowed one-week acclimatization 

period and were randomly housed by four under a 12h light-dark cycle (lights on from 

07:00 to 19:00). Water was provided ad libitum and food intake was restricted to 20g/rat/d 

to prevent excessive weight gain. Cage enrichment consisted of crinkle-cut shredded 

paper and a cardboard roll. Rats were handled daily (5min per day, 5 days) prior to 

experimentation. Experimental procedures were performed in accordance with the 

European Communities Council Directive (2010/63/UE) and approved by the regional 

imentation Animale, 

CENOMEXA) (agreement number #43198). Animal studies are reported in compliance 

with the ARRIVE guidelines. 

 

2.2. Pharmacological agent 

Tramadol hydrochloride was obtained from injectable vials (100mg/2mL, 

Recherche sur le Médicament de Caen Normandie). 

 

 



 

 
 

2.3. Drug treatment schedule and experimental design of behavioral study 

Before experimental (W-1), rats were randomly divided into 3 groups. From W1 to 

W6, they received daily oral gavage (OG) of tramadol 25mg/kg (TRAM25), tramadol 

50mg/kg (TRAM50) or vehicle (control) (n=8/group) (Fig. 1.). Doses were determined 

based on clinical practice using Human Equivalent Dose (HED) calculation (Nair and 

Jacob, 2016). The 25mg/kg dose corresponds to a HED of 200-250mg (common daily 

human dose). The 50mg/kg dose, corresponding to a human equivalent dose (HED) 

exceeding 400 mg the maximum recommended daily dose in humans was selected to 

model overexposure. Tramadol was dissolved in saline. Flexible plastic probes 

(PHYMEP®) were used for gavage refinement , with a fixed volume 

of 1.5mL/kg. Groups were alternated during manipulations to avoid timing bias. 

 

 

Fig. 1. General experimental design (created in Biorender.com) 

 

OG was consistently administered in the late afternoon (16:00 to 18:00) to 

dissociate behavioral effects from acute peak drug levels. Behavioral testing occurred 

assessment. The final tramadol dose was administered in W6, one day before the final 

MWM probe test. A 6-week washout period preceded the NORT. 



 

 
 

2.4. Behavioral tests 

Behavioral testing was performed in twenty-four rats (n=8 per group) by an 

experimenter blinded to treatment group. Apparatuses were cleaned with 70% ethanol 

between animals, and rats were acclimated to the testing environment for 30 min prior to 

each test. 

 

2.4.1. Infrared Actimeter system 

Locomotor activity was assessed using Imetronic® (Pessac, France), as we 

previously described (Rizzolo et al., 2021). Actimeters consisted of plastic cages 

(33x21x19cm3) surrounded by two horizontal barrels with infrared beams (6.5cm and 

16.5cm above the floor, respectively). The first OG administration of either saline or 

tramadol (25 and 50mg/kg) was performed around 6pm, rats were placed for 24h in the 

actimeter. 

Recorded parameters included: (i) number of rearings, (ii) front and back activity, 

(iii) back-and-forth activity (see Supplementary Fig. 1 and 2 for total horizontal and 

vertical activity). Data were sampled every 30min for 24h. Circadian rhythms parameters  

were determined using the cosinor.online application: cosinor, MESOR (Midline-

Estimating Statistic Of Rhythm), amplitude (difference between the peak and the mean 

value of the wave) as well as acrophase (time at which the peak of rhythm occurs) 

(Molcan, 2023). 

 

2.4.2. Morris Water Maze test (MWM) 

Spatial learning was assessed using the MWM (Morris, 1984) and analyzed through 

video-tracking system (EthoVision XT, Noldus®). The initial session of MWM learning (W-

2) and probe test (W-1) occurred prior to randomization (Supplementary Fig. 3). 

Learning: rats underwent four daily trials for five consecutive days, with 60s inter-

trial intervals. Rats failing to reach the platform within 120s were guided to it and 

remained for a 30s reinforcement period. Escape latency in seconds and total distance 

traveled were measured. Two MWM sessions (W-2 and W6) were performed, with the 



 

 
 

platform located in the NE and SE quadrants respectively; distal visual cues were 

modified in the second session. 

Probe test: with the platform removed, rats were tested for 60s, and time in the target 

quadrant was recorded. Probe tests were conducted 3 days after the last acquisition trial 

in W-1 and W7, and 17 days after the last acquisition trial in W2. 

 

2.4.3. Novel Object Recognition Test (NORT) 

Recognition memory was assessed using the NORT, as previously described 

(Heraudeau et al., 2023). Animal behavior was recorded and analyzed through video-

tracking system (EthoVision XT, Noldus®). 

Habituation: one-week prior testing, rats were acclimatized to the device 

(20min/day, 5 days). The percentage of time spent in the central zone were assessed as 

an index of anxiety-like behavior. 

Object Recognition Test: the test comprised a training trial (T1), a 1-hour interval, 

and a test trial (T2). During T1, rats were exposed to two identical objects for 20min. 

During T2, one object was replaced by a novel one (N) while the other remained familiar 

(F). Exploratory behavior was defined as nose orientation within 2cm or nose contact but 

sitting on the object was excluded (Hosseini-Sharifabad et al., 2016b). The discrimination 

index was calculated: (eN - eF) / (eN + eF). A positive value indicates more time spent with 

the novel object whereas a negative one indicates more time spent with familiar object. 

Animals exploring <20s in either T1 or T2 were excluded. A second NORT was conducted 

eight weeks later using new objects. 

 

2.5. Pharmacological analysis 

2.5.1.  Pharmacokinetic studies after acute administration 

Pharmacokinetics were assessed following tramadol administration (25 and 50 

mg/kg). 16 rats underwent two sample collections following each administration, with a 

two-week washout period between administrations (n=4 per time point). Blood was 



 

 
 

collected from the tail vein at 0.25, 0.5, 1, 2, 4, 7, 18, and 24 hours after oral 

administration (Table 1), based on mouse pharmacokinetic profiles (Evangelista Vaz et 

al., 2018). Plasma was isolated (3000g, 20min, 4°C) and stored at -20°C. Tramadol and 

O-desmethyl (ODM)-tramadol plasma concentrations were quantified by LC-MS/MS 

using an ABSciex API 4500 QTRAP system (Framingham, MA, USA), as already described 

(Heraudeau et al., 2023). Acquisition was realized in multiple reaction monitoring (MRM) 

mode. Briefly, 40µL of internal standard (13C D3 tramadol, 1µg/mL), 200µL of 2N sodium 

hydroxide solution and 2.5mL of ethyl acetate were added to 200µL of plasma. The 

organic phase of the protein-precipitated mixture was extracted and dried then 

reconstituted in 1mL of A phase prior to LC-MS/MS quantification. 

 

Rat 

number 

Sampling times after acute administration (OG) of tramadol 25mg/kg or 50mg/kg 

0.25 H 0.5 H 1 H 2 H 4 H 7 H 18 H 24 H 

1         

2         

3         

4         

5         

6         

7         

8         

9         

10         

11         

12         

13         

14         

15         

16         

Table 1. Blood collection after acute administration of tramadol in 16 male Sprague-Dawley rats. 2 
collection sessions were performed 2 weeks apart. Rats 1 to 8 received tramadol 25mg/kg and rats 9 to 16 
received tramadol 50mg/kg. A composite pharmacokinetic profile was generated from these data points. 



 

 
 

PKanalix software (Lixoft®, Antony, France) was used to compute t1/2 (time required 

for a 50% decrease in plasma concentration), tmax (time to achieve maximum 

concentration), Cmax (maximum concentration), AUC0 24h (Area Under concentration-

time Curve from Hour 0 to Hour 24) and AUC0 inf (Area Under concentration-time Curve 

from Hour 0 to infinity). 

 

2.5.2.  Tramadol and ODM-tramadol concentrations after chronic administration 

Twenty hours after the last dose, tail-vein blood was collected from tramadol-

treated rats. Insufficient sampling in two rats per dose yielded n=6/group. Samples were 

processed as described in section 2.5.1. 

 

2.6. Biochemical analysis: AST and ALT concentrations after acute and chronic 

administration 

Twenty-eight rats were included in the biochemical analyses. Sixteen of these 

animals, previously used for the pharmacokinetic assessment, were allocated to the 

acute treatment group (n = 8 per dose), while twelve additional rats were included for the 

chronic treatment group (n = 6 per dose).Liver enzyme concentrations were measured 

approximately 20h after the last acute (n=16) or chronic (n=12) administration. Rats were 

administered pentobarbital (182.2mg/kg, IP, 5mL/kg) and were killed by decapitation 

5min later. Blood was collected from the jugular vein, centrifuged (3,000g, 10min, +4°C) 

and plasma stored at -20°C. The plasma concentrations of aspartate aminotransferase 

(AST) and alanine aminotransferase (ALT) were measured through enzymatic method 

(Alinity c®, Abbott, USA). To assess the impact of chronic tramadol exposure on liver 

function, acute and chronic data for the 25 and 50mg/kg doses were pooled (detailed 

data in Supplementary Fig. 4). 

 

 

 



 

 
 

2.7. Data and Statistical Analysis  

Statistical analyses were performed using Prism (version 8.0; GraphPad® 

Software, USA) and R Studio (2023.06.0, Build 421, Posit Software, PBC). Normality of 

data was assessed by Kolmogorov-Smirnov and the homogeneity of variances by Bartlett 

test. Group comparisons were performed using one- or two-way analysis of variance 

(ANOVA) and were presented as mean +/- Standard Error Mean (SEM). 

used for post hoc comparisons. When the data deviated from normal distribution (e.g., 

amplitude of front and back activity, MESOR of horizontal activity, cumulative time in the 

center zone of OF and ALT plasma concentration), log-normalization was applied to 

improve comparability between groups, and limit the influence of extreme values. 

 was used for data sets with inhomogenic variances were presented 

as median +/- interquartile range. Finally, when data sets did not meet one of the two 

criteria (normality and homogeneity of variances), non-parametric statistical tests were 

used (ATS: ANOVA-Type Statistics), followed by multiple pairwise comparison. When 

necessary (NORT and MWM probe test), a univariate t-test or Wilcoxon Signed Rank test 

was used to compare to a reference value (0 and 25%, respectively), parametric and non-

parametric data respectively. Statistical significance was set at p<0.05. The data and 

statistical analysis comply with the recommendations on experimental design and 

analysis in pharmacology (Curtis et al., 2025). 

 

 

 

 

 

 

 

 

 



 

 
 

3. RESULTS 

3.1. Locomotor activity 

Cosinor analysis of back-and-forth activity did not reveal a significant group effect 

(ATS: F=1.74, p>0.05) nor a time x group interaction (ATS: F=0.39, p>0.05) but showed a 

significant time effect (ATS: F=100.10, p<0.0001) (Fig. 2A). 

Cosinor analysis of front and back activity revealed a significant group effect (ATS: 

F=9.82, p=0.0001), a significant time effect (ATS: F=154.63, p<0.0001) and a significant 

time x group interaction (ATS: F=3.40, p=0.0098). Post-hoc analysis revealed that TRAM50 

group differed from control group (multiple pairwise comparison: F=5.70, p=0.017) but 

not TRAM25 (multiple pairwise comparison: F=3.03, p>0.05) (Fig. 2B). Analysis of MESOR 

and amplitude revealed a significant difference between groups (Fig. 2C and D; one-way 

ANOVA: F2, 21=12.22 and 15.98, p=0.0003 and p<0.0001 respectively), whereas no group 

effect was observed when considered acrophase values (Fig. 2E; one-way ANOVA: F2, 

21=0.88, p>0.05). A significant difference of MESOR values was observed between 

-hoc test: p=0.015 and 

p>0.05, respectively). When considering amplitude values, TRAM25 showed a significant 

decrease, while TRAM50 showed a significant increase compared to the control group 

-hoc test; p=0.013 and p=0.027, respectively). 



 

 
 

 

Fig. 2. Effects of acute administration of tramadol on (A) the cosinor of back-and-forth activity, (B) the 
cosinor of front and back activity and cosinor parameters of front and back activity: (C) MESOR, (D) 
amplitude and (E) acrophase (n=8/group). *p<0.05 

 

 

 



 

 
 

3.2. MWM learning and probe test 

Analysis of swimming distance at W6 revealed no significant group effect or time x 

group interaction, but a significant time effect (respectively two-way ANOVA: F2, 21=1.12, 

F8, 84=1.13 and F4, 84=5.49 with p>0.05, p>0.05 and p=0.0006) (Fig. 3A). 

Cumulative duration in target quadrant did not differ between groups for each time of 

exposure: on W2 (Fig. 3B; ANOVA: F2, 21=0.12, p>0.05) and on W7 (Fig. 3C; 

ANOVA: W2, 11.71=0.30, p>0.05).  

 

 
Fig. 3. Effects of 6 weeks of tramadol exposure on the distance moved to find the hidden platform across 
the 5 days of MWM learning (A). Effects of different tramadol exposure times on the cumulative duration in 
target quadrant during MWM probe test: after (B) 1 week (univariate t-test presented as mean +/- SEM) and 
(C) 6 weeks of administration (Wilcoxon Signed Rank presented as median +/- interquartile range due to 
unequal variances) (n=8/group). #p<0.05, compared with 25% threshold represented by the dashed lines. 



 

 
 

Regardless of the probe test considered (W2 and W7), time spent in target quadrant 

was significantly different from the random exploration value of 25% for the control group 

(univariate t-test for W2: t7=3.71, p=0.008 and Wilcoxon Signed Rank for W7: W=36.00, 

p=0.008). When considering TRAM25 animals, time spent in target quadrant was 

significantly higher that random value at W2 and W7 (univariate t-test: t7=2.42, p=0.046 

and Wilcoxon Signed Rank: W=34.00, p=0.016). Finally, performances of TRAM50 

animals were below random value only at W2 (univariate t-test: t7=1.380, p>0.05), but not 

at W7 (Wilcoxon Signed Rank: W=30.00, p=0.039).  

Of note, swimming speed was similar whatever group of rats considered, at W2 (one-

way ANOVA: F2, 21=2.336, p>0.05) but not at W7, where velocity decreased in tramadol 

groups (Supplementary Fig. 5 2, 10.71=16.14, p=0.0006). 

 

3.3. Novel Object Recognition Test 

Prior to NORT, an OF test was carried out to assess anxiety-like behavior. On the first 

day of habituation, time spent in the central zone was not significantly different between 

groups (Supplementary Fig. 6; one-way ANOVA: F2, 21=2.02, p>0.05). 

Recognition memory was assessed in NORT and did not differ between groups: on W5 

(Fig. 4A; one-way ANOVA: F2, 20=0.88, p>0.05) and on W13 (Fig. 4B; one-way ANOVA: F2, 

21=1.20, p>0.05). Discrimination index was significantly different from threshold value of 

zero on W5 in control group (univariate t-test: t6=2.59, p=0.041) but not in TRAM25 

(univariate t-test: t7=0.95, p>0.05) and TRAM50 groups (univariate t-test: t7=0.84, p>0.05) 

(Fig. 4A). On W13, the ORT was repeated after a 6-weeks washout period following the 

treatment phase. The recognition memory was significantly different from threshold 

value on W13 in Control group (univariate t-test: t7=3.53, p=0.010) but not in TRAM25 

(univariate t-test: t7=1.34, p>0.05) and TRAM50 groups (univariate t-test: t7=0.89, p>0.05) 

(Fig. 4B). 



 

 
 

 
Fig. 4. Effects of tramadol exposure on the ORT discrimination index at W5 (n=8 for all groups except control 
in which one rat did not meet the 20s criterion of exploring in 20min of testing and was excluded from 
analysis) and W13 (n=8/group). #p<0.05 compared with 0.0 threshold represented by the dotted lines. 

 

3.4. Tramadol and ODM-tramadol concentrations after acute and chronic 

administration 

The mean plasma concentration-time curves of tramadol (Fig. 5A) and its metabolite 

ODM-tramadol (Fig. 5C) measured after OG administration of single doses of 25 and 

50mg/kg of tramadol, are shown in Fig. 5. 

Pharmacokinetic parameters for tramadol and ODM-tramadol were calculated 

and are shown in Table 2. For tramadol, the half-life (T½) increased from 3.61 ± 0.40 hours 

at 25mg/kg to 4.91 ± 3.00 hours at 50mg/kg. The maximum plasma concentration (Cmax) 

reached with TRAM50 (277.50 ± 71.83ng/mL) is higher than that reached with TRAM25 

(224 ± 80.88ng/mL). Similarly, the AUC was more elevated with the TRAM50 dose, 

suggesting enhanced systemic exposure. For the primary metabolite ODM-tramadol, the 

half-life increased from 2.89 ± 0.22 hours to 5.34 ± 1.14 hours at 25 and 50mg/kg, 

respectively. Cmax value was also higher at TRAM50 (350.75 ± 85.92ng/mL) than at 

TRAM25 (300.75 ± 83.79ng/mL). Tmax for ODM-tramadol was delayed at the higher dose 

compared to TRAM25. 

 



 

 
 

 T½ (h) Tmax (h) Cmax (ng/mL) AUC0 24h  
(ng.h/mL) 

AUC0 inf (ng.h/mL) 

TRAM25 3.61±0.40 1.00±0.71 224.00±80.88 748.33±240.26 753.73±241.36 

TRAM50 4.91±3.00 0.69±0.88 277.50±71.83 1248.67±289.21 1342.20±487.68 

ODM-TRAM25 2.89±0.22 1.00±0.71 300.75±83.79 839.40±93.49 843.51±93.95 

ODM-TRAM50 5.34±1.14 2.00±0.75 350.75±85.92 1447.48±376.51 1491.81±376.18 

Table 2. Plasma concentrations obtained after a single dose OG administration of tramadol hydrochloride 
(25 or 50mg/kg) to Sprague-Dawley rats. Values are mean ± SD (Standard Derivation), n=4 per time point. 
Pharmacokinetic parameters were calculated using PKanalix® software. 

 

Quite surprisingly, 20h after the last OG of chronic daily administration protocol of 6 

weeks, plasma tramadol and its metabolite were detected (Fig. 5B and D). 

Concentrations were significantly different between the two groups (TRAM25 and 

TRAM50) for both tramadol and its ODM-tramadol metabolite (unpaired t test: t10=2.00, 

-test: t5.370=5.00, p=0.0017). 

 



 

 
 

 

Fig 5. Tramadol and ODM-tramadol mean plasma concentration-time curves (respectively A and C) after a 
single administration via OG (n=4 per time point). Tramadol and ODM-tramadol plasma concentrations 20h 
after the last administration (W7) (respectively B and D) (n=6/group, obtaining adequate samples was not 
possible for four rats because of unsuccessful sampling or insufficient quantity of blood). 

 

3.5. AST and ALT concentrations following acute and chronic administration 

Following the pooling of data collected from rats treated with 25 and 50mg/kg 

under acute and chronic conditions, AST and ALT concentrations showed a significant 

group effect (Fig. 6 2, 18.00=9.299, p=0.0017 and W2, 15.46=37.00, 

p<0.0001 respectively). Post-hoc analysis revealed that AST and ALT concentrations were 

respectively 2.3 and 4.6 times higher in chronic condition compared to acute groups (Fig. 

6A and B 11.58=4.178, p=0.0037 and t14.63=8.542, p<0.0001, respectively). 

Chronic groups significantly differed from control group for both AST and ALT parameters 

 11.75=3.728, p=0.0084 and t18.00=7.608, p<0.0001, respectively). Of note, 



 

 
 

acute groups did not differ from control groups for both AST and ALT parameters 

17.13=1.786, p>0.05 and t10.77=0.5671, p>0.05, respectively). 

 

 
Fig. 6. Plasma concentrations of AST (A) and ALT (B) for control group (n=8) and combined tramadol treated 
animals, 20h after acute (n=16) and chronic (n=12) administration. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

4. DISCUSSION  

This study described for the first time the relationship between systemic tramadol 

exposure and alterations in cognitive performances in rats following both acute and 

chronic administration. We demonstrated not only behavioral changes following acute 

administration, but also long-term memory impairment after chronic tramadol exposure. 

These alterations were accompanied by systemic accumulation of tramadol and a time-

dependent elevation of transaminase levels.  

 

Locomotor activity was evaluated for 24h after a single oral dose. Whereas the low 

dose (TRAM25) produced a mild hypolocomotor effect, the high dose (TRAM50) 

unexpectedly induced hyperlocomotion. Tramadol's hypolocomotor effect has been 

previously documented in the literature after acute administration, potentially due to its 

agonist action at mu-opioid receptors (Elsukary et al., 2022; Szkutnik-Fiedler et al., 2012). 

In contrast, the hyperactivity observed at the higher dose may be explained by two 

pharmacological properties: (i) inhibition of serotonin and norepinephrine reuptake, 

which may produce antidepressant-like CNS stimulation; and/or (ii) anticholinergic 

effects mediated by muscarinic M1/M3 receptor inhibition (Minami et al., 2015; 

Nakamura et al., 2005). Indeed, the serotoninergic syndrome, marked by increased 

synaptic level of serotonin, is characterized in rats by a stereotyped behavior and 

hyperactivity (Jacobs, 1976). Otherwise, anticholinergic compounds (e.g. scopolamine) 

also elicit hyperactive behavior in rodents (Qiu et al., 2016). Regardless of the underlying 

mechanisms, hyperlocomotion resulting from stereotypical behavior can serve as a 

rodent model of human delirium. This phenomenon was observed in our study, where 

animals displayed increased random movements toward the front or rear of the cage, 

while back-and-forth activity remained unchanged. (Qiu et al., 2016; Soubrié et al., 1976). 

Delirium is characterized by abrupt impairments in cognitive functions and is commonly 

observed in aged patients during the initiation of drug treatments (American Psychiatric 

Association, 2013).  

Spatial memory impairment appeared after one week of treatment in the TRAM50 

group but were transient and absent after six weeks, contrasting with previous reports of 



 

 
 

reporting learning and memory deficits following chronic tramadol administration 

(Baghishani et al., 2018; Mehdizadeh et al., 2017). This discrepancy may reflect 

methodological differences, particularly our decision to test animals outside the peak 

concentration window. In contrast, decreases in the discrimination index emerged after 

four weeks of treatment at both doses. Although no direct group differences were 

detected between treated and control animals, the deterioration in discrimination 

performance over time suggests that recognition memory may be sensitive to prolonged 

tramadol exposure. This result was in accordance with literature data showing that 21 

days of tramadol administration (20 mg/kg, IP) induced a recognition memory deficit in 

the NORT (Hosseini-Sharifabad et al., 2016b). Interestingly, our results also showed for 

the first time that this deficit could last even six weeks after the last tramadol dose 

administration. Thus, tramadol has a long-lasting deleterious effect on recognition 

memory. Beyond the hippocampus, recognition and spatial memory are supported by 

distinct cortical networks, involving the medial prefrontal cortex for recognition memory 

(Chao et al., 2022) and the perirhinal and postrhinal cortices for spatial memory (Ramos, 

2013). Although the exact mechanisms remain to be determined, one possible 

hypothesis is that these networks differ in their sensitivity to tramadol-induced neuronal 

damage, oxidative stress and neuroinflammation, rendering recognition-related circuits 

particularly vulnerable (Ezi et al., 2024). 

Pharmacokinetic analyses showed that the 50mg/kg dose produced higher Cmax 

and AUC values and a longer half-life than the 25mg/kg dose for both tramadol and its 

metabolite ODM-tramadol, consistent with a linear dose-dependent profile (Bao et al., 

2023; Sheikholeslami et al., 2012; Zhao et al., 2010). Following oral administration, the 

authors obtained a T½ of 1.58 to 7.554h, a Tmax of 1.00 to 1.792h, a Cmax of 162.063 to 

190.23ng/mL and an AUC ranging from 456.28 to 724.84ng/mL.h depending on the dose 

administered (5.2 and 20mg/kg) (Bao et al., 2023; Zhao et al., 2010). Even within the same 

study, inter-animal variability, together with differences in dose, administration route, 

sampling time, and circadian rhythms, can lead to substantial discrepancies in half-life 

estimates across published data (Liu and Song, 2001). 



 

 
 

After six weeks of daily administration, ALT and AST levels increased 4.6-fold and 

2.3-fold, respectively, suggesting the onset of liver damage and supporting tramadol-

induced hepatotoxicity. These findings align with earlier reports in Wistar rats showing 

that 14-day chronic administration of tramadol elevate serum liver enzymes, reduce liver 

antioxidant capacity, and induce histopathological alterations (Barbosa et al., 2020). 

Such hepatic impairment may modify pharmacokinetics by reducing hepatic clearance 

or saturating metabolic pathways, which is consistent with the systemic accumulation of 

tramadol and its active metabolite observed after chronic exposure. Although 

hepatotoxicity provides a plausible explanation, other mechanisms such as the 

progressive saturation of elimination pathways, declining clearance over time, or altered 

enzymatic activity cannot be excluded (El-Gaafarawi, 2006). Given that both tramadol 

and ODM-tramadol can cross the blood-brain barrier, elevated plasma concentrations 

are likely to result in increased cerebral levels (Kitamura et al., 2014). This systemic 

accumulation may thus extend to the central nervous system, contributing to the 

recognition memory impairments observed in our study. 

One limitation of this study concerns the selected model. We deliberately used 

adult rats to investigate the effect of tramadol overexposure, a condition that most 

commonly occurs in elderly subjects following chronic treatment. However, the cognitive 

effects observed in our study are likely constrained by the use of adult animals, in which 

the mechanisms underlying the cognitive processes examined are not physiologically 

amplified by age. Another limitation is that our study was conducted in male rats and 

does not account for potential sex-dependent differences. 

 

In conclusion, overexposure to tramadol induces both acute and long-term 

cognitive alterations. Our data suggest that, during the treatment initiation phase, the use 

of high, or even supratherapeutic, doses could contribute to delirium-like disorders. After 

chronic administration, tramadol induces liver damage and systemic accumulation, 

which may drive persistent deficits in recognition memory. These results parallel clinical 

observations in tramadol-treated patients, especially older adults, and underscore the 

need for cautious prescribing in individuals vulnerable to cognitive decline. 
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SUPPLEMENTARY MATERIAL 

 

Cosinor analysis of horizontal activity revealed a group effect (ATS: F=10.38, 

p<0.0001), a time effect (ATS: F=167.30, p<0.0001) and a group x time interaction (ATS: 

F=2.93, p=0.020) (Supplementary Fig. 1). Post-hoc analysis revealed that TRAM50 group 

differed from control group, but not TRAM25 (multiple pairwise comparison: F=6.09 and 

3.34, p=0.016 and p>0.05, respectively) (Supplementary Fig. 1A). Analysis of MESOR and 

amplitude revealed a significant difference between groups (Supplementary Fig. 1B and 

C; one-way ANOVA: F2, 21=10.41 and 16.26, p=0.0007 and p<0.0001, respectively), 

whereas no group effect was observed when considered acrophase values 

(Supplementary Fig. 1D; F2, 21=0.59, p>0.05). A significant difference of MESOR values 

-

hoc test: p=0.038 and p>0.05, respectively). When considering amplitude values, 

TRAM25 showed a significant decrease, while TRAM50 showed a significant increase 

compared to the control group (Dunnett -hoc test: p = 0.007 and p = 0.049, 

respectively). 

 



 

 
 

 
Supplementary Fig. 1. Effects of acute administration of tramadol on (A) the cosinor of horizontal activity 
and cosinor parameters: (B) MESOR, (C) amplitude and (D) acrophase (n=8/group). * p<0.05 

 

Cosinor analysis of vertical activity did not revealed a significant group effect (ATS: 

F=1.23, p>0.05), nor a time x group interaction (ATS: F=0.31, p>0.05) but showed a 

significant time effect (ATS: F=76.12, p<0.0001) (Supplementary Fig. 2). 

 



 

 
 

 
Supplementary Fig. 2. Effects of acute administration on the cosinor of vertical activity (n=8/group). 

 

At W-2, during the five days of training and before group randomization, the 

distance moved by all the rats to find the hidden platform significantly decreased from 

D1 as of D4 (Supplementary Fig. 3A; one-way ANOVA: F4, 115=10.33, p<0.0001), testifying 

that spatial learning occurred. 

Spatial recognition memory was assessed by MWM probe tests after various 

periods of exposure to tramadol. The initial probe test was realized before groups 

randomization at W-1 and revealed a significant difference from threshold value of 25%, 

indicating that the spatial learning abilities of all rats remained comparable before 

treatment initiation (Supplementary Fig. 3B; univariate t-test: t23=5.830, p<0.0001). 

 

 
Supplementary Fig. 3. Evaluation of (A) the distance traveled to find the hidden platform over the 5-day 
MWM learning phase and (B) the cumulative time spent in the target quadrant during the MWM probe test, 
both prior to treatment (n=24). *p<0.05, compared with 25% threshold represented by the dashed line. 



 

 
 

Analysis of AST and ALT plasma concentrations for the five groups showed a 

significant group effect (Supplementary Fig. 4A 4, 13.59=5.937, 

p=0.0055 and Supplementary Fig. 4B; one-way ANOVA: F4, 31=36.72, p<0.0001 after log 

normalization). Post-hoc comparisons revealed that AST concentrations were 

test, t5.210=4.326, p=0.0493) whereas no such difference was observed in the TRAM25 

5.375=1.943, p>0.05). Of note, no significant differences were found 

TRAM25: t13.32=0.6307, p>0.05; TRAM50: t13.92=2.534, p>0.05). -hoc tests of 

ALT concentrations revealed that chronic administration led to a significantly elevated 

ALT level compared to acute administration in the TRAM25 and the TRAM50 groups 

(p<0.0001). Of note, no significant difference was found between control and acute 

administration groups for either dose (p>0.05). 

 

 
Supplementary Fig. 4. AST (A) and ALT (B) plasma concentrations for control group (n=8), TRAM25 (n=8) 
and TRAM50 (n=6) groups, 20h after acute and chronic administration of tramadol.  

 



 

 
 

 
Supplementary Fig. 5. Effect of different tramadol exposure times on the velocity of rats during the MWM 
test: after (A) 1 week and (B) 6 weeks of administration (n=8/group). *p<0.05, compared with 25% threshold 
represented by the dashed line. 

 

 

 

 
Supplementary Fig. 6. Evaluation of the cumulative time spent in the central zone during the OF test after 
3 weeks of exposure to tramadol, a habituation conducted prior to ORT (n=8/group). 
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2. METHODS 
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2.4. Behavioral experiments 

 

 



 

 
 

 

 
 

 

2.4.1. Circadian locomotor activity 

 

 



 

 
 

2.4.2. Novel Object Recognition Test (NORT) 
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2.4.4.  Blood sample analysis 
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3. RESULTS 
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3.1.2. Horizontal activity 

 

 

 

 

 



 

 
 

 

 



 

 
 

 

 

 

3.2. MWM learning 

 

 



 

 
 

 

 

 

 

 

 



 

 
 

 

 

3.3. MWM probe test 

 

 

 

 

 

 

 



 

 
 

3.4. Novel Object Recognition Test 

 

 

 

 

 

 

 

 

 



 

 
 

3.5. Paroxetine and sertraline concentrations 

3.5.1. Pharmacokinetic analysis after acute administration 

 

 

 

 

 

     

     

     

 

 

3.5.2. Concentrations after chronic administration compared to acute 

administration 
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2. Morris Water Maze 

 

 

 

 

 

 



 

 
 

 

 

 

3. Novel Object Recognition Test 

 



 

 
 

 



 

 
 

 



 

 
 

 



 

 
 

 



 

 
 

 



 

 
 

 



 

 
 

 



 

 
 

 



 

 
 

 



 

 
 

 



 

 
 

 



 

 
 

 

 

1. Effects of a single administration on anxiety-like behavior 

 

 
Supplemental Figure 1. Effects of a single oral administration (OG or MDA) on behavioral parameters in 
the elevated plus maze test (A) Time spent in open arms; (B) Number of entries in open arms.  
 

2. Impact of the use of a sweet vehicle on glycaemia after single oral administration 

 

 
 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

  

 

 

 

 

 

 

 



 

 
 

 
 

 
 

 

 
 

 
 

 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 

 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

 



 

 
 

 

 

Transposabilité des observations comportementa  

 

 

 



 

 
 

 

 

 

 

 



 

 
 

Exposition systémique et équivalence inter-espèce

 

 

 



 

 
 

 

 



 

 
 

 

 

Limites intrinsèques du modèle : influence du sexe 

 

 



 

 
 

 

 

 

 

Limites intrinsèques du modèle : âge 

Nos expérimentations ont été volontairement conduites chez des rats adultes 

pour simplifier le modèle et éviter les biais liés au vieillissement. Afin de poursuivre les 

investigations, le recours à des animaux âgés sera une nécessité afin de mieux 

comprendre les interactions entre surdosage plasmatique et fragilité cognitive. Des 

essais préliminaires menés au cours de ma thèse chez des rats âgés (14 mois) 

été présentés dans le manuscrit, les animaux ne satisfaisant pas aux critères 

comportementaux minimaux requis pour une interprétation fiable. Ces limitations 

fonctions cognitives (Robitsek et al., 2008)



 

 
 

exploratoire (Altun et al., 2007)

excessive. 

comportementaux, la constitution de groupes homogènes sur le plan cognitif par une 

évaluation préalable, et le contrôle du poids corporel. En effet, les variations de 

composition corporelle peuvent modifier la distribution des médicaments, en particulier 

pour les composés lipophiles, rendant 

complexe. Dans cette perspective, le recours à un modèle de vieillissement réussi, tel 

que le rat LOU/c/Jall (Alliot et al., 2002; Paban et al., 2013), pourrait constituer une 

alternative pertinente pour de futures investigations. 

L difficile dans le cadre du 

protocole utilisé. Les expérimentations ont donc été réalisées chez le rat adulte, ce qui 

cette extrapolation peut être discutée et estimée à la lumière des données 

pharmacocinétiques et pharmacodynamiques disponibles. Les effets observés chez des 

rats adultes étant déjà marqués, ils suggèrent que des conséquences au moins 

équivalentes, voire amplifiées, pourraient survenir chez le sujet âgé, population chez 

laquelle une surexposition médicamenteuse est probablement fréquente. 

variabilité 

pharmacocinétique importante retrouvée chez la personne âgée susceptibles 

pharmacocinétique du tramadol après une dose unique de 200 mg à libération prolongée 

a été étudié chez des sujets adultes (18-40 ans) et des sujets âgés (  75 ans) (Skinner-

Robertson et al., 2015). Les sujets âgés présentaient une élimination plus lente, un 

-tramadol, 

-vie prolongée, des concentrations plus élevées et un 

, indiquant un risque majoré 

 Des observations similaires ont été rapportées pour les 

antidépresseurs. À partir de données de suivi thérapeutique, des auteurs ont montré que 



 

 
 

concentrations sériques ajustées à la 

dose significativement plus élevées que les sujets de moins de 40 ans, notamment 

pour la paroxétine (x1,8) et la sertraline (x1,3) (Waade et al., 2012). Pour la paroxétine, 

plusieurs études cliniques ont mis en évidence, chez les patients âgés de plus de 60 ans, 

-vie prolongée et une 

variabilité interindividuelle accrue, tant après administration aiguë que chronique (Bayer 

et al., 1989; Hebenstreit et al., 1989; Lundmark et al., 1989). Ces observations seraient 

liées à un ralentissement du métabolisme hépatique et à une cinétique non linéaire, 

pouvant conduire à des augmentations disproportionnées de concentrations pour de 

faibles variations de dose (DeVane & Pollock, 1999). B

, la 

sertraline présente une pharmacocinétique plus linéaire, mais une clairance réduite 

chez le sujet âgé qui pourrait également contribuer à une exposition accrue (Ronfeld et 

al., 1997).  

 



 

 
 

 

 

 

 



 

 
 

 

 

 



 

 
 

 

 

dynamique différente, caractérisée par des phénomènes cumulatifs et des altérations 

fonctionnelles plus durables, susceptibles de conduire à des troubles cognitifs 

persistants. 

Après exposition chronique, le tramadol et la paroxétine ont induit des troubles 

cognitifs, contrairement à la sertraline, suggérant un profil de risque cognitif plus 

défavorable pour ces deux substances. Le tramadol a entraîné une altération persistante 

de la mémoire de type épisodique, tandis que la paroxétine a induit une altération de la 

pharmacologiques. Or ces deux substances sont celles qui se sont le plus accumulées 

dans le compartiment plasmatique après administration chronique. Cette 

, 

effets indésirables centraux. Afin de tester cette hypothèse, nous avons prélevé des 

structures cérébrales des rats testés 

traduit par une accumulation cérébrale. Le dosage cérébral des substances actives 

permettra, dans une étude ultérieure, de calculer des ratios cerveau/plasma, indicateurs 



 

 
 

de la distribution centrale. 

concentration effet décrites pour les troubles cognitifs induits par les médicaments 

psychoactifs (Reimers et al., 2025). Ainsi, 

répétée constitue un mécanisme pharmacocinétique plausible favorisant les effets 

cognitifs, 

ou hépatique). 

 

 

 

 

 

 



 

 
 

 

    

 

 
   

 

 
   

 

  
  

  
 

 

 

 

 

Charge anticholinergique chez la personne âgée 

La charge anticholinergique individuelle ou cumulée des médicaments apparait 

donc importante à prendre en compte dans la surveillance et la prévention des effets 

 

effet cumulatif de substances 

actives possédant une activité anticholinergique, principalement antimuscarinique, 

Chez la personne âgée, souvent 



 

 
 

(Briet et al., 2017; Gray et al., 2015). 

Son évaluation repose sur différentes approches méthodologiques. 

la Serum Anticholinergic Activity, qui mesure in vitro la concentration sérique e 

inhibition de antagoniste puissant muscarinique 

radiomarqué (Carnahan et al., 2006; Tune et al., 1993). Cette méthode présente 

cependant des limites importantes incluant variabilité interindividuelle, faible 

pratique clinique. En parallèle, des approches pharmacologiques fondées sur les 

données de liaison aux récepteurs muscariniques, telles que les constantes 

molécules.  

Ces données, issues de modèles expérimentaux, ont ensuite été transposées en 

outils cliniques à chaque médicament un score 

e généralement gradué de 0 à 3 (Boustani et al., 2008; Briet et 

al., 2017; Carnahan et al., 2006; Rudolph et al., 2008). 

retenu Anticholinergic Burden (Boustani et al., 2008) et le 

Anticholinergique (Briet et al., 2017) 

respectivement les effets centraux et périphériques. La charge anticholinergique est le 

plus souvent estimée par la somme des scores de plusieurs médicaments. 

 calcul adapté au contexte clinique identifier et 

de prévenir les situations à risque, notamment en cas de polymédication (effets 

cumulatifs des anticholinergiques et associations à risque avec les psychotropes), 

avancé (sensibilité accrue des récepteurs muscariniques), ainsi que dans certains 

contextes physiopathologiques (démence, déclin cognitif).



 

 
 

Intérêt du Suivi Thérapeutique Pharmacologique en pratique clinique chez le sujet 

âgé 

Les deux substances présentant une accumulation après exposition chronique 

sont également celles pour lesquelles des effets indésirables cognitifs chroniques ont 

lien entre la concentration plasmatique et la 

 à long terme. 

Chez la personne âgée, la variabilité pharmacocinétique et 

pharmacodynamique est importante : pour une même posologie, les concentrations 

physiopathologique, de la fonction rénale et hépatique, des comorbidités et de la 

polymédication (Roberts & Gibbs, 2018). Dans ce contexte, les relations 

concentration effet apparaissent plus pertinentes que les relations dose effet pour 

 

En pratique clinique, le Suivi Thérapeutique Pharmacologique (STP) des 

médicaments à effet psychoactif, comme les antidépresseurs, est actuellement peu 

réalisé. Pourtant, il pourrait constituer un levier essentiel de prévention des effets 

indésirables, notamment cognitifs chez le sujet âgé. Son utilisation, intégrant les 

-prescriptions à risque, les interactions 

ion médicamenteuse. 

la pharmacogénétique pourrait également constituer une prédiction fine et 

(Picard et al., 2026). Chez le 

sujet âgé, le STP permettrait non seulement 

pour prévenir les accumulations toxiques de médicaments, mais également 

accompagnement à la déprescription raisonnée. Intégré dans 

une approche multidisciplinaire, il participerait à une prescription personnalisée, 

pharmacodynamiques liés au vieillissement. 

 

 



 

 
 

Prescription de médicaments chez la personne âgée : principe et recommandations 

la personne âgée requiert une vigilance 

particulière en raison des modifications physiologiques liées au vieillissement. Avant 

les fonctions rénales et 

hépatiques car une altération de ces paramètres peut majorer 

et, par conséquent, la toxicité de nombreux médicaments

référentiels identifient des médicaments inappropriés chez le sujet âgé. La première 

liste de ce type a été proposée dans les années 1990 par le gériatre américain M. H. Beers 

(Beers et al., 1991). En France, la liste de Laroche recense les médicaments ou classes 

médicamenteuses à éviter chez les patients de plus de 75 ans (Laroche et al., 2009). Les 

médicaments à propriétés anticholinergiques y figurent en raison de leur profil de 

sécurité défavorable. 

essentiel de limiter la charge anticholinergique globale, en particulier chez les patients 

présentant des troubles cognitifs ou à risque , afin de réduire la survenue 

 cognitifs. 

 

Si la prescription d  est nécessaire à long terme, la SFGG 

recommande de réviser systématiquement régulièrement, au 



 

 
 

optimisation thérapeutique apparaît donc comme une priorité et peut être réalisée en 

utilisant des méthodes validées comme OPTIMEDOC (Guerin et al., 2025). 

doit faire évoquer en priorité un effet indésirable médicamenteux, en particulier en cas 

de modification thérapeutique récente. Dans ce cas, et avant de décider de la 

déprescription du médicament en cause, envisager de réaliser une mesure des 

concentrations plasmatiques 

substance active, pourrait être pertinent. Le STP pourrait également être réalisé lors 

d s susceptibles de 

-dépendants.  

Toutes ces arguments 

contexte clinique, notamment chez le patient âgé à risque cognitif. Les approches 

multidisciplinaires, associant médecins, pharmaciens, infirmiers et aidants, sont donc 

essentielles pour accompagner les patients dans une gestion sécurisée et adaptée des 

traitements. 

 



 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 



 
 

 
 

 

A son échelle, cette étude chez le rat rappelle la nécessité de prudence quant à 

la prescription chronique de substances psychoactives chez le sujet à risque de 

troubles cognitifs  Lors de 

des altérations des fonctions cognitives. Le choix des molécules et le suivi régulier des 

concentrations plasmatiques semblent donc essentiels dans le but de mieux prévenir la 

survenue .  
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