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ABSTRACT

Obijectives: To develop a population kinetic-pharmacodynamic (kPD) model that describes the pattern of sleep and quantifies the sleep changes in Wistar rats after different oral doses of citalopram.

Methods: Citalopram was administered orally (PO) to 91 Wistar rats at different doses: vehicle (n=17), 0.3 (n=8), 1 (n=11), 2.5 (n=8), 5 (n=11), 10 (n=10), 30 (n=18) and 60-mg/kg (n=8). Citalopram and n-
desmethylcitalopram concentration measurements were not available in this study, therefore simulated profiles were used derived from a previously published PK model by Velez de Mendizabal et al. [1] for Wistar
and Sprague-Dawley rats and used as input to the PD model. No Inter-subject variability was included in those profiles, although weight was taken into account to adjust parameters. Three dependent variables (DV)
were defined for estimation. They represent the accumulated minutes in AWAKE, NREM and REM stage. These three DVs were simultaneously modelled during both the baseline (no treatment) and the
citalopram/vehicle treatment period. This model was developed in three steps: (i) baseline, (ii) handling effect and (iii) drug effect. The analyses were performed using NONMEM version 7.2 (Icon Development
Solutions, Hanover, Maryland). The First Order Conditional Estimation method with the INTERACTION option was used for parameter estimation.

Results: The accumulated number of minutes in AWAKE, NREM and REM stages were described using a 3-compartment model, one per stage, defined by three inter-related zero order rate functions (minutes per
hour). Administration of citalopram produced changes in those rates resulting in a new dynamic re-distribution of the accumulated minutes in AWAKE, NREM and REM stages. However, REM sleep is the more
affected stage by means of a strong inhibition.

Conclusions: The KPD model developed here describes sleep architecture with and without citalopram treatment, and quantifies the strong REM inhibition effect at multiple dose levels in rats. This population
analysis was carried out with the lack of the actual citalopram and n-desmethylcitalopram concentrations. The PD model part of the model (baseline, handling effect) can be also applied for drug effect evaluations of
other sleep changing compounds.

INTRODUCTION

Citalopram has been observed to affect sleep architecture, specifically
decreasing REM sleep, in rats and human healthy volunteers and patients.
As effects are observed both preclinically and clinically, these objective
sleep measures present an excellent opportunity to explore the possibility
of quantitative translation of pharmacological effects from rats to humans.

METHODS

Study Design & Data Analysis. Day 1, baseline (no intervention). Day 2: Treatment (citalopram or vehicle) was administered at the circadian time (CT)
5. The study interval corresponds to the 7 hours following treatment, and the corresponding during the baseline. Citalopram and n-desmethyicitalopram
concentrations were not available in this study, therefore simulated profiles that were derived from a previously published PK model by Velez de
Mendizabal et al. [1] were used as input to the PD model. No between subject variability (BSV) was included in the PK parameters and in the drug effect
PD parameters. All analyses were performed using NONMEM 7.2. This kPD model is designed based on three concepts: (i) baseline, (ii) handling effect
during vehicle/drug administration and (iii) drug effect. Model development was performed in two consecutive steps: (i) No BSV included. (i) Population
parameters fixed and BSV estimated.

RESULTS

Bootstrap Median 5 — 95 perceniles]

1 Study design & Data - -
Sty nterval kaw =[paw x60x Epaw (t)]+[(1- Epre ()% pre x 60]+ [(1- Epg (1) x pag x60]+[(1 - E grugnr (Cp )xPNr x60x g (8] s mame ommlmsony  m@meaT
Day 1 - Baseline periad 0.999 (4.24) 44.61(14.60) -0.998(-1078-0.928]  44.22 [39.9150.32]
Kng = [Png X 60 Epng (O E, Co)| +[paw x60x(1- Epaw (O)]+ [ori %60 Engs (0% (1 - Egrygrr (Cp)) o
- NR NR hNR( ) dmgNR( P) [pAW ( I\A“( ))] RE th‘,( ) d"UERr-( P) StPue 00819(996)  748(1336) 00810090085  747(6538.18)
FEERTIRETRIIEEY |k — e <60 % B (0 Eqrugre (Co)] + g %60 Epg (01— E )l ot v ot omm 1o
i =P <60 B (1)< Barugrr (Cr )] +lpm <60 Epnie (601~ Earugrr (Cr) S S A
) bl ossasey w09 ommlAs 0w w62 (3036533
oo e [ Baseline Handling effect Selected ey L mmeam  imOsTiol 05l
TR ST IO — P Nt 210390 sasse0s)  24612en) 5987 lsassrss)
18 et _ elOre +SLPRex k e model ECone 59312300 604014561 68551
DAY 1 - BASELINE PERIOD: Accumulated minutes PRE 1+ eOnR +SLPNRxt) (g +SLPR: <t Epge ()= [%] o o<t<l = Hae 19017.56) 1.98(1.398 24%8)
i o : (O +SLPyg 1) RE SORE *dose ] {1+ et 5 ECon @) 1715616573 9683
0 20 Pk = Nk SR 1 otherwise | & R 042 (40.85) 038610004 0626]
5 A= . 1+ clONR PSP A1) | Ok +SLPRext ) 3 Komect 15403560 16200905954
) ! B s g _ 1 (o [7““”“ ]x < h"w o<t<l | & Ksoneoe 0778(7315) 0859 (0122 1.65]
H R 2 PAW = i STPa) oo ST 1) RO =] Uksong +dose ) | 14 ¢Omr S foam o) 755 5330 1508)
. _' 1 otherwise coviome cone)) 0152 (1358) 0151(01190.186]
of corlonmtons) 0026 1308 oastaost a0
fee Niazaee Direct drug effects ! covlosmione’) 00296 (1464) 002910036 0023]
DAY 2 - TREATMENT PERIOD: Accumulated minutes Epaw () = b cov(Ossiome’,Onn’) 0,029 (17.09) 0,029 [-0.038 -0.021]
% ™ Chlwe Lo i IR Co X g (cp et [0 coulomnond) 00 0780) 0030051 0021
] Eougre (Cp) =1~ —F—rr HINT R xe g vt oue) 00068157 R
g EC50ie: +Cp EC S covioomatoamed) 4943 a85(24989.816]
H e €=t o Cr where  krg (Cp) =By x SOAW 2 coviomtonarl) 018 (70.16) 0233(00690673]
H drugNRA-P) =27 max *p 0 ECspaw +Cp Add Res.Error NREM(min)  4.58(9.88) 458(4.22497]
- SONR P Prop.Res.Error NREM (%) 7.95(40.52) 6.08[4.058.06]
Addes o et 2220299) 2201802559

PD Parameter Estimates. Between parentheses the relative standard error
(%) is shown. BSV is shown as coefficient of variation (%).
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Comparison of the accumulation rates during the treatment period for AWAKE (left),
NREM (center) and REM (right) stages. A. Median of the observed rates (accumulated
minutes per hour). The accumulation rates were calculated as follows: DV, — DV,,, where
DV is the corresponding dependent variable (accumulated minutes in AWAKE, NREM or
REM stages). B. Median of the estimated rates. Ky, kyg and Kge
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Conclusions

1. A population kPD model was developed to describe changes in AWAKE, NREM and REM sleep stages simultaneously in Wistar rats after administration of 0.3-60mg/kg oral doses of citalopram - during the baseline period (no
perturbations) as well as during the treatment period (citalopram/vehicle).

2. Drug/vehicle administration produced an important handling effect that was modelled as a wake promoting effect occurring in the first hour followed by rebound NREM sleep in subsequent hours.
a. These effects were drug/dose dependent, with a reduced impact of the handling effect apparent at the higher citalopram doses

3. Citalopram was shown to directly inhibit the accumulation rates for NREM and REM sleep; the effect was more pronounced on REM sleep where there was close to complete inhibition at the highest doses as reflected in the model
parameters
a. [ECqore = 59.3 NG/ML (Ryay = 0)] || [ECsong= 183 NG/ML (R a = 0.42)].

4. This kPD model, specifically baseline and vehicle treatment (handling effect) models can be used in the development of models for other compound effects .
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