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Summary 
Koletsky rats, the genetically obese strain of spontaneously 
hypertensive rats (SHROB), are the well-accepted animal model of 
human metabolic syndrome. They are characterized by early onset 
obesity, spontaneous hypertension, hyperinsulinemia, 
hyperlipidemia, proteinuria and shortened life-span. One of the 
factors in the pathogenesis of metabolic syndrome is oxidative 
stress. The aim of the present study was to compare two 
parameters related to oxidative stress: the levels of the main 
intracellular antioxidant, reduced glutathione as well as the indirect 
indicator of lipid peroxidation damage, thiobarbituric acid-reactive 
substances (TBARS) in heart, renal cortex and medulla and liver in 
male lean spontaneously hypertensive rats (SHR) and obese 
Koletsky rats. We did not find any significant differences in these 
markers in heart and kidneys. However, we found significantly 
lower glutathione level in Koletsky rat liver compared with SHR 
(5.03±0.23 vs. 5.83±0.14 µmol/g tissue, respectively). On the 
contrary, we observed significantly higher TBARS levels in Koletsky 
rat liver compared with SHR (28.56±2.15 vs. 21.83±1.60 nmol/mg 
protein, respectively). We conclude that the liver is the most 
sensitive tissue to oxidative damage with the significantly 
decreased concentration of glutathione and the significantly 
increased concentration of TBARS in obese Koletsky rats in 
comparison with lean control SHR. 
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Koletsky rats, obese spontaneously hypertensive 
rats (SHROB), were established as a model of human 
metabolic syndrome [1,2]. They are characterized by 
hyperphagia and severe obesity (even when fed with 
standard diet), increased blood pressure, 
hyperinsulinemia, hyperlipidemia (characterized by 
a marked triacylglycerolemia and a moderate rise in 
plasma total and LDL cholesterol), altered carbohydrate 
and protein metabolism, nephropathy and premature 
vascular disease [3]. Koletsky rats have a non-functional 
leptin receptor due to a mutation causing a premature stop 
codon in the extracellular domain [4]. The mutation in the 
leptin receptor induces the incapability of leptin signaling 
leading to an extreme insulin resistance, which results in 
hyperinsulinemia and glucose intolerance in response to 
an oral glucose load [5]. Moreover, Molinar-Toribio et al. 
[6] demonstrated significant changes in markers of 
endothelial dysfunction (increase of intercellular adhesion 
molecule-1; ICAM-1), thrombotic activity (increase of 
plasminogen activator inhibitor-1; PAI-1), inflammation 
(increase of C-reactive protein; CRP) and changes of 
oxidative stress as well as antioxidant defense in plasma 
and distinct organs of the Koletsky rats in comparison 
with the Wistar-Kyoto (WKY) control rats [6]. The aim 
of our study was to monitor the levels of two oxidative 
stress markers – reduced glutathione (the main 
intracellular antioxidant) and thiobarbituric acid-reactive 
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substances; TBARS (degree of lipid peroxidation 
damage) in the heart, renal cortex and medulla and liver 
in lean spontaneously hypertensive rats (SHR) and obese 
Koletsky rats. 

Homozygous male obese Koletsky (fak/fak) and 
control sex and age-matched lean SHR littermates were 
purchased from Charles River (Wilmington, USA). Rats 
were housed at 23 °C under a 12 h light/dark cycle 
period, fed a standard chow containing 58 % 
carbohydrates, 9 % fat, 33 % protein (Spezialdiäten 
GmbH, Soest, Germany) and given tap water ad libitum. 
All procedures and experimental protocols were 
performed in accordance with guidelines and practice 
established by the Ethical Committee of the Institute of 
Physiology CAS, conformed to the European Convention 
on Animal Protection and Guidelines on Research 
Animal Use (Directive 2010/63/EU). Rats aged 19 weeks 
were killed by decapitation and tissue samples were 
collected for analyses. Body weights of the rats were 
significantly higher in Koletsky rats (516±8 g) compared 
to SHR control (373±8 g) [7]. The absolute kidney and 
heart weights did not significantly differ between two 
genotypes but livers of Koletsky rats were more than 
twice heavier than livers of SHR [7]. 

The intracellular content of reduced glutathione 
in heart, kidneys and liver was determined immediately in 
fresh tissues colorimetrically at 412 nm according to the 
methods described earlier [8,9]. Briefly, the tissue 
samples were homogenized in 3 % sulfosalicylic acid and 
10 % homogenates were centrifuged for 10 min at 
3000× g. A portion of the supernatant was mixed with 
0.02 M 5, 5’-dithiobis-(2-nitrobenzoic acid) in 0.1 M 
phosphate buffer (pH 8). The absorbance of a colored 
product was read at 412 nm, the concentration of 
glutathione was calculated from the standard curve 
prepared by a serial dilution of 1 mM stock solution. 
Lipid peroxidation in the samples was monitored by 
measuring TBARS formation [10]. The frozen-thawed 
10 % homogenates were incubated with thiobarbituric 
and acetic acid at 95 °C for 45 min. The absorbance was 
measured at 535 nm using Tecan Infinite M200 
multimode microplate spectrofluorometer. The results are 
expressed as the means ± SEM. The statistical differences 
were evaluated by a paired Student's t-test. Values of 
P≤0.05 were considered to be statistically significant. 

A small molecular weight glutathione produced 
in the cells effectively scavenges free radicals and other 
reactive oxygen species directly and indirectly through 
enzymatic reactions [11,12]. We observed the lowest 

concentrations of reduced glutathione in the heart and the 
highest in the liver (Table 1) similarly as we found in our 
previous studies in different strains of rats, such as Wistar 
[13], Hannover Sprague Dawley and Ren-2 transgenic 
rats of both sexes and various ages [9,14] or in salt-
resistant and salt-sensitive Dahl rats [15]. In the current 
study we found significantly lower glutathione levels in 
the liver of Koletsky rats compared to lean 
SHR littermates. In contrast to our results Molinar-
Toribio et al. [6] demonstrated a significant increase in 
the glutathione level in Koletsky rat liver in comparison 
with WKY control, similar results were reported for the 
abdominal fat and brain. However, Molinar-Toribio et al. 
[6] compared Koletsky rats with WKY rats, but we 
compared obese Koletsky rats with lean SHR – the 
original rat strain from which Koletsky rats were derived. 
Moreover, the sex and age of experimental rats were 
different: female vs. male in our experiments and younger 
rats (11-14-week-old) vs. older animals (19-week-old) in 
our experiments. 

Concerning TBARS, we found no significant 
differences in the heart and kidneys between lean SHR 
and obese Koletsky rats but we found significantly higher 
content of TBARS in the liver of Koletsky rats compared 
with SHR (Table 2). Molinar-Toribio et al. [6] did not 
find any significant differences in these three tissues 
between Koletsky rats and WKY. 

Metabolic syndrome is frequently associated 
with non-alcoholic fatty liver disease (NAFLD), which is 
mainly characterized by excessive fat accumulation and 
which affects males more than females. Koletsky rats 
show hepatomegaly with fatty liver [16]. Similarly, our 
previous study indicated liver weight more than twice 
greater and the content of liver triacylglycerols nearly six 
times higher in Koletsky rats compared to SHR [7]. 
Méndez et al. [17] revealed differences in the proteomic 
profiles of liver carbonylated proteins belonging not only 
to lipid metabolism but also to redox regulation and 
chaperone activity between Koletsky and Wistar female 
rats. These results show that the final oxidative stress is 
very complex process and not just a simple imbalance 
between oxidants and antioxidants [17]. The experiments 
performed in male and female Koletsky rat liver 
demonstrated the increased de novo lipogenesis. Sex-
specific differences revealed a more efficient fatty acid 
transport and esterification and greater insulin sensitivity 
in females that facilitate a less severe liver steatosis. 
Moreover, many hepatic genes involved in lipid 
biosynthesis and metabolism are regulated differentially 
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Table 1. Concentration of glutathione (-SH groups) in heart, renal cortex and medulla and liver of SHR and Koletsky rats. 
 

 SHR Koletsky rats 

Number of rats 10 10 
-SH in the HEART (µmol/g tissue) 2.06 ± 0.06 2.01 ± 0.03 
-SH in the RENAL cortex (µmol/g tissue) 3.73 ± 0.11 3.59 ± 0.07 
-SH in the RENAL medulla (µmol/g tissue) 2.85 ± 0.14 2.96 ± 0.14 
-SH in the LIVER (µmol/g tissue) 5.83 ± 0.14 5.03 ± 0.23* 

 
All values are means ± SEM. Significantly different: * P≤0.05 vs. SHR; -SH, thiol groups. 
 
Table 2. Concentration of thiobarbituric acid reactive substances (TBARS) in heart, renal cortex and medulla and liver of SHR and 
Koletsky rats. 
 

 SHR Koletsky rats 

HEART 
(nmol/mg protein) 

42.08 ± 3.42 
(n=5) 

59.64 ± 11.92 
(n=5) 

RENAL cortex 
(nmol/mg protein) 

23.80 ± 0.72 
(n=8) 

25.89 ± 1.82 
(n=8) 

RENAL medulla 
(nmol/mg protein) 

53.68 ± 7.01 
(n=6) 

59.36 ± 8.07 
(n=6) 

LIVER 
(nmol/mg protein) 

21.83 ± 1.60 
(n=8) 

28.56 ± 2.15* 
(n=8) 

 
All values are means ± SEM. Significantly different: * P≤0.05 vs. SHR. 
 
 
in males and females [16]. We used male rats for our 
experiments and therefore the differences between SHR 
and Koletsky rats were significantly pronounced. 

We conclude that our results in SHR and 
Koletsky male rats show the liver as the most sensitive 
tissue to the oxidative damage with the significantly 
decreased concentrations of glutathione and the 
significantly increased concentrations of TBARS. 
 
Conflict of Interest 
There is no conflict of interest. 

Acknowledgements 
This study was supported by the Institute of Physiology 
(grant number: RV0 67985823) and Institute of Organic 
Chemistry and Biochemistry (grant number: RV0 
61388963), Czech Academy of Sciences and the project 
of National Institute for Research of Metabolic and 
Cardiovascular Diseases (Programme EXCELES, 
ID Project No. LX22NPO5104) – Funded by the 
European Union – Next Generation EU. 
 

 
References 
 
1. Koletsky S. Obese spontaneously hypertensive rats-a model for study of atherosclerosis. Exp Mol Pathol 

1973;19:53-60. https://doi.org/10.1016/0014-4800(73)90040-3 
2. Koletsky S. Pathologic findings and laboratory data in a new strain of obese hypertensive rats. Am J Pathol 

1975;80:129-142. 
3. Aleixandre de Artiñano A, Miguel Castro M. Experimental rat models to study the metabolic syndrome. Br J Nutr 

2009;102:1246-1253. https://doi.org/10.1017/S0007114509990729 
4. Takaya K, Ogawa Y, Hiraoka J, Hosoda K, Yamori Y, Nakao K, Koletsky RJ. Nonsense mutation of leptin 

receptor in the obese spontaneously hypertensive Koletsky rat. Nat Genet 1996;14:130-131. 
https://doi.org/10.1038/ng1096-130 



484   Rauchová et al.  Vol. 73 
 
 
5. Friedman JE, Ishizuka T, Liu S, Farrell CJ, Bedol D, Koletsky RJ, Kaung HL, Ernsberger P. Reduced insulin 

receptor signaling in the obese spontaneously hypertensive Koletsky rat. Am J Physiol 1997;273:E1014-E1023. 
https://doi.org/10.1152/ajpendo.1997.273.5.E1014 

6. Molinar-Toribio E, Pérez-Jiménez J, Ramos-Romero S, Lluís L, Sánchez-Martos V, Taltavull N, Romeu M, 
ET AL. Cardiovascular disease-related parameters and oxidative stress in SHROB rats, a model for metabolic 
syndrome. PLoS One 2014;9:e104637. https://doi.org/10.1371/journal.pone.0104637 

7. Mikulášková B, Holubová M, Pražienková V, Zemenová J, Hrubá L, Haluzík M, Železná B, Kuneš J, Maletínská 
L. Lipidized prolactin-releasing peptide improved glucose tolerance in metabolic syndrome: Koletsky and 
spontaneously hypertensive rat study. Nutr Diabetes 2018;8:5. https://doi.org/10.1038/s41387-017-0015-8 

8. Ellman GL. Tissue sulfhydryl groups. Arch Biochem Biophys 1959;82:70-77. https://doi.org/10.1016/0003-
9861(59)90090-6 

9. Rauchová H, Hojná S, Kadlecová M, Vaněčková I, Chao Y-M, Chan JYH, Zicha J. Sex differences in blood 
pressure, free radicals and plasma cholesterol fractions in Ren-2 transgenic rats of various ages. Physiol Res 
2023;72:167-175. https://doi.org/10.33549/physiolres.935059 

10. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues by thiobarbituric acid reaction. Anal Biochem 
1979;95:351-358. https://doi.org/10.1016/0003-2697(79)90738-3 

11. Aquilano K, Baldelli S, Ciriolo MR. Glutathione: new roles in redox signalling for an old antioxidant. Front 
Pharmacol 2014;5:196. https://doi.org/10.3389/fphar.2014.00196 

12. Ulrich K, Jakob U. The role of thiols in antioxidant systems. Free Radic Biol Med 2019;140:14-27. 
https://doi.org/10.1016/j.freeradbiomed.2019.05.035 

13. Rauchová H, Vokurková M, Pavelka S, Vaněčková I, Tribulová N, Soukup T. Red palm oil supplementation does 
not increase blood glucose or serum lipids levels in Wistar rats with different thyroid status. Physiol Res 
2018;67:307-315. https://doi.org/10.33549/physiolres.933834 

14. Rauchová H, Hojná S, Kadlecová M, Vaněčková I, Zicha J. Sex differences in blood pressure of aged Ren-2 
transgenic rats. Physiol Res 2020;69:245-252. https://doi.org/10.33549/physiolres.934369 

15. Vokurková M, Rauchová H, Řezáčová L, Vaněčková I, Zicha J. ROS production is increased in the kidney but not 
in the brain of Dahl rats with salt hypertension elicited in adulthood. Physiol Res 2015;64:303-312. 
https://doi.org/10.33549/physiolres.933054 

16. Dong Q, Kuefner MS, Deng X, Bridges D, Park EA, Elam MB, Raghow R. Sex-specific differences in hepatic 
steatosis in obese spontaneously hypertensive (SHROB) rats. Biol Sex Differ 2018;9:40. 
https://doi.org/10.1186/s13293-018-0202-x 

17. Méndez L, Pazos M, Giralt M, Nogués MR, Pérez-Jiménez J, Torres JL, Gallardo JM, Medina I. Targets of protein 
carbonylation in spontaneously hypertensive obese Koletsky rats and healthy Wistar counterparts: a potential role on 
metabolic disorders. J Proteomics 2014;106:246-259. https://doi.org/10.1016/j.jprot.2014.04.036 

 
 
 



<<
  /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 false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /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 false
  /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 false
  /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 false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /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.)
    /CZE <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


