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Introduction

Escitalopram (ESC) is a selective serotonin (5-HT)
reuptake inhibitor (SSRI) with antidepressant as well as
anxiolytic activity (Sanchez et al., 2004; Thase, 2006).
SSRIs selectively block neuronal 5-HT reuptake, which
results in increased neurotransmitter concentrations at
the synaptic and somatodendritic level. The release of 5-
HT from the neurons is negatively regulated by 5-HT
autoreceptor feedback-loops (Fig. 1) (Hjorth et al., 2000).
Consequently, following acute drug administration, the
firing activity of 5-HT neurons is reduced and the
enhancement of release of new 5-HT into the synapse is
dampened. Recently, a structural PK/PD feedback
turnover model that mechanistically describes the acute
ESC-induced effects on brain extracellular 5-HT has
been developed (Bundgaard et al., 2006).

Objectives

The aim of this study was to characterise the PK/PD
relationships including inter-individual variability (V) of
ESC-induced 5-HT response after acute administration
to rats. For this purpose, the mechanistic turnover
feedback model was assessed using a non-linear mixed
effects (NLME) modelling approach.
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Fig. 1. lllustration of the presumed auto-regulatory
mechanisms following blockage of the 5-HT transporter with
SSRis. By blocking the reuptake (1), the SSRIs increase the
concentration of 5-HT at the synaptic (2) and
somatodendritic level (3). The increased 5-HT levels act on
somatodendritic and terminal 5-HT autoreceptors (4 and 5)
as well as on postsynaptic 5-HT receptors (6), which exert
negative feedback on the output of 5-HT into the synaptic
cleft. In the proposed PK/PD model, the moderator M
includes the sum of all negative feedback originating from
(4), (5, and (6) (see Fig. 2). Solid lines denote
release/uptake pathways and dashed lines control pathways.

Modelling

The structural PK/PD model was a turnover model with
drug-induced inhibition of loss of response (k,,) and an
inhibitory feedback moderator function resembling the
acute mechanism of action of ESC (Bundgaard et al.,
2006). The model is schematically illustrated in Fig. 2.
The acute 5-HT response, R, was described by

dr _ k

P —Kou-R-1(C,)

o (eq. 1)

where ki, M, ko and I(C,) are the turnover rate,
moderator, fractional turnover rate and drug inhibitory
function expressed as a sigmoid /s function (incl. IC,,
and shape (Hill) factor). The turnover rate k;, of R was
parameterized with the baseline value R, and fractional
turnover rate ks by
Kiy = R3 Ko (eq. 2)
The turnover of the moderator, M, was governed by the
first-order rate constant ki, which determined the onset
and offset of inhibitory feedback (‘tolerance’) to the test
compound according to

%_kto/ Rk -M (eq. 3)
ko /M by R-I(C,)

krol R
Fig. 2. Schematic illustration of the proposed negative
feedback model. Response R acts linearly on the production
of the moderator M. M is then ‘fed back’ by inversely
inhibiting the production of R. Solid lines denote build-up and
loss and dashed lines indicate how R and M influence each
other. See also Fig. 1.

NONMEM VI (Globomax) was used for the modelling
and S-Plus® for the other calculations and plots. In the
first step, the PK model was fitted and the final
parameter estimates were fixed in the combined PK/PD
analysis. The turnover PD model was described by
differential equations (ADVAN9). IIV was modelled using
exponential errors. The residual variability was
proportional for the PK and additive for the PD. The final
model was evaluated using 95% predictive performance
plots and bootstrap analysis.

Experimental Methods

Rats (n=17) were infused with 2.5, 5, or 10 mg/kg ESC or vehicle over
60 min. Extracellular 5-HT in hippocampus was continuosly monitored
using intracerebral microdialysis. Simultaneously, serial blood was
sampled at regular time intervals for ESC unbound plasma levels.
Analysis of escitalopram in plasma (50 pl) and 5-HT in dialysates (20 pl)
were accomplished by HPLC.

Measured total ESC plasma concentrations were converted into free,
unbound concentrations by correcting for a mean protein binding of
50%, determined by ultrafiltration. Hippocampal 5-HT levels were
converted to percentage of basal pre-dose levels normalised to 100%
for each animal.
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Results
PK model
Parameter Estimates and Standard Errors from the Two-Compartment Model for
Data (FOCEI)
Parameter Final Parameter Estimate Interindividual Variability (%CV)
Mean %RSE Final estimate %RSE
CLintercept (L/min) 0.207 7.5 17 36
slope (L/min-mg/kg) 0.00803 19 ne na
V1 (L) 212 14 45 42
Q (L/min) 0.219 8.3 15 78
V2(L) 10.5 33 ne na
RV (%CV) 18 27 na na

RSE relative standard error; RV _ residual variability
ne not estimated; na  not applicable
V1,V2  central and peripheral volume of distrbution

intercompartmental clearance
TVCL  typical value of clearance
slope  slope of the linear relationship between dose and TVCL (TVCL = 0.207 + 0.00803 - Dose)
FOCEI  First Order Conditional Estimation with Interaction

PD model
Parameter Estimates and Standard Errors from the Autolnhlbllory Feedback
Model of 5-HT in the Brain after ESC Data (FO)
Parameter Final Parameter Estimate _ Interindividual Variability (%CV)
Mean %RSE Final estimate %RSE
Kout (Min™") 0.146 29 ne na
Kol (min™) 0.0017 42" ne na
Ro (%) 118 75 16 45+
Hill 15 85 ne na
I 0.745 50 14 39
ICso (ng/mL) 6.8 20 82 410
RV (%CV) 30 16 na na
AKa\ke 's Information Criterion 1AIC' 3558 (condition number = 13.0)
relative standard er ;RV  residual variability
ne not estimated; na nm applicable

Without inhibitory feedback (k): AIC = 3583 (+25) (condition number = 31.2 (+18.2))
“Bootstrap variability >100%
FO:  First Order estimation method

Results continued

A two-compartment PK model (ADVAN3, TRANS4) adequately
described the ESC plasma levels. IV was estimated for CL, V1
and Q (cf. Table). Dose level on CL was the only significant
covariate. 5-HT levels were significantly increased following drug
administration. However, at high doses, the mean response-time
curves were almost identical. Therefore, a simple intrinsic turnover
model was considered inappropriate. The final model included no
further covariates and fitted all the response-data well (cf.
goodness of fits plots below) and resulted in parameter estimates
with acceptable precision. IIV was identified for R, /.. and ICy),
The half-life of the tolerance development was about 7 hrs
(In2/k,,). The residual variability was 18% for the PK and 30
response units (%) for the PD.
PK model

PRED, WRES: Population predicted values and residuals
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The bootstrap analysis (n=200) confirmed the high precision for
the PK model, while for the PD, the %RSE were higher than
estimated by NONMEM, especially for k., 1IVg, and IV,
(>100%). The 95% predictive performance plot (n=200, shown
below) were made from the final model with covariance estimates

added for Ry, /.., and ICg,
PK: 95% pred. performance plots PD: 95% pred. performance plots
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Numbers in point indicate data from individual rats
In conclusion, the NLME autoinhibitory feedback model was
successfully implemented. Predictive performance appeared
adequate and variability estimates were low (PK) to moderate
(PD). Considerably higher variability was seen for IV of the in vivo
potency (IC,;) and also /. and R, from the bootstrap analysis.
The model may serve as a tool to compare the PK/PD behaviour
of different SSRIs after acute administration.

Presented at the 16" Population Approach Group in Europe (PAGE) Meeting, June 13-15 2007, Copenhagen, Denmark



	Non-Linear Mixed Effects PK/PD Modelling of Acute Autoinhibitory Feedback Effects of Escitalopram on Extracellular Serotonin (


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


