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Objective

*To describe the sleep architecture in rats using Markov-chain model
(MCM) and to investigate the impact of placebo/vehicle and Zolpidem
on sleep model parameters.

Methods

Experimental

¢ Data were obtained from healthy Sprague-Dawley rats in which the
electroencephalogram (EEG) was continuously recorded for at least
two days of alternating dark/light cycles of 12 h duration.

e For each 10 second interval, EEG data were converted into awake,
REM or NREM stages representing non-ordered categories.

e At 6 h clock time (ckt) during the second dark cycle, methylcellulose
(MC) [saline group (n=16)], Zolpidem 10 mg/kg [group Il, (n=16)], 20
mg/kg [group lll, (n=20)], or 30 mg/kg [group IV, (n=11)] were
administered orally (figure 1 represents the study design).

¢ PK data were not available during the study.
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Figure 1. Schematic representation of the experimental design
Data analysis
e The time course of the nine transition probabilities, TP, (figure 2) was
described using a non-homogeneous Markov chain model (figure 3)
based on piecewise multinomial logistic functions (figure 4).
¢ The pharmacokinetic model used to generate plasma concentrations
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Exploration of the time course of raw
transition probabilities revealed that

Zolpidem elicited an:
e Initial time dependent decrease in the
transition probability from NREM to awake
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phenomena were described with a Effecty, M1=1
turnover feedback model (figure 5). K

Figure 5. Schematic and mathematical representation of
the model for drug effects.
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time course of TPs (figure 4), MC,
and drug effects (figure 5) s
presented in figure 6.
e MC effect (Effect,,c) has the form of
e Effect,,c = 1 before MC administration

e Effecty,c = 1-Bx[e “wx(ckt-6) . g-lax(ckt-6)] after
MC administration.
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Figure 6. Mathematical representation of the integrated Markov-
chain model. Random effects are omitted for clarity.

* v, is a scale parameter.

Results
eThe simulated PK profiles of Zolpidem, the typical time course of

induced drug effects and the pharmacodynamic relationship are
represented in figure 7, respectively. Table I, lists the population
parameter estimates corresponding to Effect,,. and Effect
Eigures 8 and 9 shows the results of the model evaluation.
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Conclusions References

e The sleep architecture in rats was successfully described.

e The current analysis shows an application of the multinomial logistic approach applied through Markov chain

models to described the time course of Zolpidem effects on sleep architecture in rats.

e The model presented here represents an integrated model including baseline, saline, and drug effect models.
e This type of approach supports the identification and the quantitative description of feedback mechanisms

and represents a promising tool to describe the PD characteristics of different classes
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