CORRESPONDENCE

Effects of Chronic Antidepressant Drug
Administration and Electroconvulsive Shock
on Locus Coeruleus Electrophysiologic
Activity

To the Editor:

We read with great interest the paper by Grant and Weiss
(2001) published in the January 15, 2001, issue of Biological
Psychiatry. Tt is noteworthy that their table 1 summarizing the
reports on the modification of the spontaneous firing activity of
norepinephrine (NE) neurons by chronic antidepressant treat-
ments is not complete. Results obtained with paroxetine and
citalopram, the most selective serotonin (5-IT) reuptake inhib-
itors being able to attenuate locus coeruleus (LC) activity after a
proionged administration only, should have been included in the
table (Szabo et al 1999). The antidepressant milnacipran, which
also decreases spontaneous NE neuren firing rate, was omitted as
well (Mongeau et al 1998). Furthermore, and in support of their
hypothesis, a similar effect was reported with the dual 5-HT/NE
reuptake blocker venlafaxine after acceptance of their manuscript
and just recently with the selective NE reuptake inhibitor
reboxetine (Béique et al 2000; Szabo and Blier 2001). More
important, however, the o2-adrenocepter antagonist mirtazapine
augments LC firing activity after both acute and sustained
administration (Haddjeri et al 1997). The latter report thus
represents an important omission because Grant and Weiss's
conclusion and inference that all antidepressants attenuate LC
activity after chronic administration (p. 127) is incorrect.

Their finding that antidepressant agents and electroconvulsive
shock treatment are able to attenuate the sensory-evoked burst
firing is nevertheless intriguing. Indecd, the absolute firing
activity of LC NE neurons elicited by pinching the contralateral
paw is decreased; however, the increase of LC activity relative to
baseline to such a paw pinch is unaltered. Thus, these results would
appear t0 depend on an attenuated basal firing activity in the
antidepressant-treated groups to yield a decreased absolute sensory
cvoked firing. It would seem that their hypothesis would be best
tested by assessing whether rats treated with a sustained adminis-
tration of mirtazapine, which produces an increase in LC activity,
would present an attenuation of relative or absolute increase in firing
compared with control animals using the paw pinch paradigm.
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Reply

‘We are indebted to Szabo and Blier for indicating that we had
omitted some relevant references from Table 1 of past results in
our recent article regarding the influence of antidepressant (AD)
treatment on locus coeruleus (LC) electrophysiological activity
(Grant and Weiss, 2001). They correctly point out that three
additional references should have been included, and took the
opportunity of their communication to indicate two more that
have appeared since our article was submitted. The omissions were
an oversight. In view of the recent increase in findings, including
those reported in Grant and Weiss (2001), we take this opportunity
to show here a revised table {Table 1, in this letter) which hopefully
includes all results, up to the present date, that describe the effects of
effective AD treatments on LC electrophysiological activity.

As these investigators point out, it is noteworthy that their
additional references add five more drugs to the list of antide-
pressanis that decrease LC electrophysiological activity, at least
in terms of spontaneous firing rate, under conditions of pro-
longed administration, These drugs are paroxetine, citalopram,
milnacipan, venlafaxine, and reboxetine—two SSRIs, two atyp-
ical antidepressants, and a norepinephrine reuptake inhibitor.
They also add cone drug, mirtazapine, as being a possible
exception to the effect of AD treatments as decreasing L.C
activity, Mirtazapine as well as another closely related AD
treatment drug, mianserin, block somatodendritic aipha-2 recep-
tors on L.C neurons, and therefore can increase LC activity rather
than decrease it. This well-known effect was discovered by
Aghajanian and colleagues in the late 1970s (Cedarbaum and
Aghajanian, 1976; Freedman and Aghajanian, 1984). We were
quite familiar with this possibility, having ourselves published
several papers in regard to the influence of somatodrendritic
alpha-2 receptor blockade on LC activity (Simson et al., 1988;
Simson and Weiss, 1987; Simson and Weiss, 1989). Conse-
quently, we view evaluation of the effect of prolonged adminis-
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Table 1. Effects of Chronic Treatment (1 Week or Longer) with Antidepressant Drugs or a Series of Electroconvulsive Shocks on
Spontaneous and Sensory-Evoked Firing Rate of Locus Coeruleus Neurons

Spontaneous Evoked
Tricyclics Desipramine }  Huang et al. (1980)
}  McMillen et al. {1980)
—  Valentino et al. (1990} — Valentino et al. (1990)
l  Grant and and Weiss (2001) | Grant and Weiss (2001)
Imipramine l  Svensson and Udsin {1978)
1l Grant and Weiss (2001) |l Grant and Weiss (2001)
Norepinephrine Reboxetine |l Szabo and Bfier (2001)
Reuptake
Inhibitors
Monamine Phenelzine |  Blicr and de Montigny (1985)
Oxidase | Valentino and Curtis (1991) ?  Valentino and Curtis (1991)*
Inhibitors l  Grant and Weiss (2001) | Grant and Weiss (2001)
Selective Serotonin Sertraline — | Valentino et al. (1990)* — Valentino et al. (1990)
Reuptake |l Grant and Weiss (2001) | Grant and Weiss (2001)
Inhibitors Paroxetine 1 Szabo et al. (1999)
Citalopram | Szabo et al. (1999}
Fluoxetine | Grant and Weiss (2001) 1l Grant and Weiss (2001)
Atypicals Mianserin —7? Curtis and Valentino (1991)° —7 Curtis and Valentino (1991)°
Mirtazapine 1 Haddjeri et al. (1997}
Venlafaxine 4 Béique et al. (2000)
Milnacipran {  Mongeau ct al. (1998)
Electroconvulsive }  Grant and Weiss (2001) ]} Grant and Weiss (2001)

Shock

The firing rate shown by animals receiving drug or electroconvulsive shock in comparison with animals not receiving such treatment was | . decreased, T, increased,

or —, unchanged.

“Evoked response assessed, but resulls not reported for this measure. Report presents only the ratio of evoked to spontaneous rate, because spontaneous rate was decreased

by phenelzine, effect on evoked rate could not be determined from data presented.

“Spontaneous firing rate of sertraline-treated rats was not different from untreated rats but was significantly lower than that of rats that received a similar schedule of

injections of vehicle.

“Spontaneous and evoked firing rate of mianserin-treated rats was not different from untreated rats but was less than that of rats that received u similar schedule of
injections of vehicle; however, the statistical significance of the comparison of mianserin-treated rats with vehicle-treated rats was nat presented (see Curtis and Valentine

1991 [Figure 4, 334]).

tration of AD drugs that block alpha-2 receptors (i.e., mirtazapine
and mianserin} as representing a very important test for the
possibility that effective AD treatments have the common effect
of reducing LC activity. But we would not yet agree that it is
clear that AD drugs that block alpha-2 receptors increase LC
activity when the drugs are used clinically. First, the increase in
LC spontaneous activity reported by Haddjeri et al. (1997) was
smail (an increase from 2.0 to 2.5 Hz in their animal subjects).
Second. as indicated in our Table 1, Curtis and Valentino (1991)
reported no change in LC activity as a result of chronic
administration of mianserin when firing rate was compared with
untreated animals, but comparison with animals that received a
similar schedule of vehicle injections showed a reduction of
firing produced by mianserin. In addition, and perhaps most
significant, Mendlewicz et al. (1982) reported a reduced level of
the noradrenergic metabolite 3-methoxy-4-hydroxy-phenylgly-
col {(MHPG) in the cercbrospinal fluid of human subjects
following two weeks treatrment with mianserin. Thus, it is not yet
established what effect AD drugs that block alpha-2 receptors
have on LC activity when these drugs are administered chroni-
cally and in clinically relevant doses.

With respect to Szabo and Blier's observations regarding
sensory-evoked “burst” firing of LC neurons, we believe that this
is a potentially important aspect of LC activity to examine as

well as spontaneous firing rate. Commenting on their statement
that the decrease in sensory-evoked activity can be accounted for
simply by the decrease in spontaneous depolarization rate, we do
not believe that this is the case. First, the reduction in number of
spikes that was noted by us after chronic treatment with AD
drugs was larger than what can be accounted for by the decrease
in spontaneous firing rate. For example, our data (Grant and
Weiss, 2001) showed groups in which sensory-evoked activily
was decreased to 3.0 Hz from the norm of approximately 6.0 Hz,
while the spontaneous depolarization rate in the same groups had
decreased to .5 Hz from 1.5 Hz; such a decrease in scnsory-
evoked activity is numerically larger than can be accounted for
on the basis of its simply “piggybacking” on the decreased
spontaneous firing rate. This is not to say, however, that similar
underlying processes do not account for both phenomena. But,
second, it is also important to note that sensory-evoked activity
of LC neurons has been found to vary independently of sponta-
neous firing rate. Spontaneous firing rate of LC neurons has been
observed to change markedly without a change occurring in
sensory-evoked activity {(e.g.. the effect of intraventricular Cor-
ticotropin-releasing hormone [i.c.v. CRH] [Valentino and Foote,
1988; Borsody and Weiss, 1996]). Conversely, we have reported
instances in which sensory-evoked activity was altered without a
change occurring in spontaneous fidng rate (Simson and Weiss,
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1987; Simson and Weiss, 1989). It is possible to completely
block sensory-evoked “burst” firing of LC peurons by pharma-
cological manipulation (i.e., local kynurenic acid) without dimin-
ishing their spontancous firing rate {e.g., Svensson et al., 1989;
Saunier et al., 1993). One reason why sensory-evoked activity is
interesting to examine in addition to spontancous firing rate is
that these parameters can vary independently.

Finally, Szabo and Blier refer to our conclusion, based on the
data discussed and presented in Grant and Weiss (2001), that LC
activity is reduced by AD treatments as being “their hypothesis.”
While their statement represents standard language usage, we
would like to emphasize that we have no vested interest in the
possibility that all AD treatments decrease LC activity. We view
the existing results as intriguing, and for this reason have
articulated this possibility for the psychiatric community, We
wish to emphasize that the eventual data bearing on this issue
will be paramount, and that, should the elfect of AD treatments
not be found to have a common effect of decreasing LC activity,
we will readily move on.

Jay M. Weiss
Michael M. Grant

Department of Psychiatry and Behavioral Sciences
Emory University

Emory West Campus

Building A, Room 510-N

1256 Briarcliff Road, N.E.

Atlanta, GA 30306

PII S0006-3223((M)01259-8

References

Béique J-C, de Montigny C, Blier P, Debonnel G (2000): Effects
of sustained administration of the serotonin and norepineph-
rine reuptake inhibitor venlafaxine: L In vivo electrophysio-
logical studies in the rat. Neuropharmacology 39:1800—1812.

Blier P, de Montigny C (1983): Serotonergic but not noradren-
ergic neurons in rat central nervous system adapt to leng-term
treatment with monoamine oxidase inhibitors. Neurosci 14:
949-955.

Borsody MK, Weiss JM (1996): Influence of corticotropin-
releasing hormone on electrophysiological activity of lecus
coeruleus neurons. Brain Res 724:149-168.

Cedarbaum JM, Aghajanian GK (1976): Noradrenergic neurons
of the locus coeruleus; inhibition by epinephrine and activation
by the alpha-antagonist piperoxane. Brain Res 112:413-419.

Curtis AL, Valentino RJ (1991): Acute and chronic effects of the
atypical antidepressant mianserin on brain noradrenergic
neurons. Psychopharmacol 103:330-338.

Freedman JE, Aghajanian GK (1984): Tdazoxan (RX 781094)

selectively antagonizes aipha-2 adrenoceptors on rat central
neurons. Fur J Pharmacol 105:265-272.

Grant MM, Weiss JM (2001): Effects of chronic antidepressant
drug administration and electroconvulsive shock on locus
coeruleus electrophysiologic activity. Biol Psychiatry 49:
117-129.

Haddjeri N, Blier P, de Montigny C (1997): Effects of long-term

Correspondence

treatment with the a,-adrenoceptor antagonist mirtazapine on
5-HT neurotransmission. Nauryn-Schimiedebergs Arch Phar-
macol 355:20-29.

Huang YH, Maas JW, Hu GH (1980): The time course of
noradrenergic pre- and postsynaptic activity during chronic
desipramine treatment. Eur J Pharmacol 68:41-47.

McMillen BA, Warnack W, German DC, Shore PA {1980):
Effects of chronic desipramine treatment on rat brain norad-

renergic responses 10 o-adrenergic drugs. Eur J Pharmacol
61:239-246.

Mendlewicz I, Pinder RM, Stulemeijer SM, Van Dorth R {1982):
Monoamine metabolites in cerebrospinal fluid of depressed
patients during treatment with mianserin or amitritriptyline. J
Affect Disord 4:219-226.

Mongeau R, Weiss M, de Montigny C, Blier P (1998): Effect of
acute, short- and leng-term milnacipran administration on rat
locus coeruleus noradrenergic and dorsal raphe serotonergic
neurons. Neuropharmacology 37:905-918.

Saunier CF, Akaoka H, de La Chapelle B, Charléty PJ, Chergui
K, Chouvet G, Buda M, Quintin L (1993): Activation of brain
noradrenergic neurons during recovery from halothane anes-
thesia: Persistence of phasic activation after clonidine. Anes-
thesiology 79:1072-1082.

Simson PE, Weiss JM (1987): Alpha-2 receptor blockade in-
creases responsiveness of locus coeruleus neurons to excita-
tory stimulation. J Neurosci 7:1732-1740.

Simson PE, Cierpial MA, Heyneman LE, Weiss JM (1988):
Pertussis toxin blocks the effects of alpha-2 agonists and
antagonists on locus coeruleus activity in vivo. Neurosci Lett
89:361-366.

Simson PE, Weiss JM (198%): Blockade of a,-adrenergic recep-
tors, but not blockade of y-aminobutyric acid- ,, serotonin, or
opiate receptors, augments responsiveness of locus coeruleus
neurons to excitalory stimulation. Newropharmacology 28:
651-660.

Svensson TH, Engberg G, Tung C-3, Grenhoff I (1989): Pace-
maker-like firing of noradrenergic locus coeruleus neurons in
vivo induced by the excitatory amino acid antagonist kynure-
nate in the rat. Acta Physiol Scand 135:421-422.

Svensson TH. Usdin T (1978): Feedback inhibiiion of brain
noradrenaline neurons by tricyclic antidepressants: alpha-
receptor mediation. Sei 202:1089-1091.

Szabo ST, Blier P (2001): Effect of the selective noradrenergic
reuptake inhibitor reboxetine on the firing activity of nor-
adrenaline and serotonin neurons. Eur J Neurosci 13:2077-
2087.

Szabo ST, de Montigny C, Blier P (1999): Modulation of
noradrenergic neuronal firing by selective serotonin reuptake
blockers. Br J Pharmacel 126:568-571.

Valentino RJ, Curtis AL. Parris DG, Wehby RG (1990): Anti-
depressant actions on brain noradrenergic neurons. J Phar-
macol Exp Ther 253:833-840.

Valentino RJ, Curtis AL (1991): Antidepressant interactions with
corticotropin-releasing factor in the noradrenergic nucleus
locus coeruleus. Psychopharm Bull 27:263-269.

Valentino RJ, Foote SL (1988): Corticotropin-releasing hormone
increases tonic but not sensory-evoked activity of noradren-
ergic locus coernleus neurons in unanesthetized rats. J New-
rosci 8:1016-1025.




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /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 /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /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 true

  /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



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



