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The advancement of diabetes treatment has gone from crude extracts of insulin and accidental discovery

of sulfa-like drugs in antibiotics to the development of drugs based on improved understanding of the

pathophysiology of diabetes mellitus. This article will review the history of the discovery and development

of insulin. A companion focusing on non-insulin diabetes agents will follow in the next issue of JCHIMP.
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T
he earliest description of diabetes appeared in

a collection of medical texts in Egypt written

around 552 BC, the Ebers Papyrus (1, 2) . Diabetes

mellitus and its medicinal remedies were described in

ancient India and China (1). Aretaeus of Cappadocia,

a Greek physician, (129�199 AD) introduced the term

‘‘diabetes’’ from the Greek word ‘‘siphon’’ as he noted

that diabetes causes constant flow of urine (2, 3). Before

the availability of insulin, the life expectancy of children

with diabetes mellitus was short and the prognosis for the

adult onset diabetes was very poor.

Before insulin
During the early part of the 20th century, before insulin

became available, physicians Allen and Joslin endorsed

fasting and calorie-restricted diets for diabetes (4). This

resulted in some improvement of glucosuria and acidosis,

decreased coma, and delayed death among children with

diabetes. All diabetics were advised to decrease their

sugar and dietary starch intake, and those who were

obese were advised to lose weight.

Insulin
The discovery of insulin in 1922 marked a major break-

through in medicine and therapy in patients with

diabetes. Long before the discovery of insulin, it was

hypothesized that the pancreas secreted a substance

that controlled carbohydrate metabolism (5). For years,

attempts at preparing pancreatic extracts to lower blood

glucose were unsuccessful due to impurities and toxicities

(6). Frederick Banting, an orthopedic surgeon, had the

idea of isolating pancreatic islet extracts by ligating

the pancreatic duct of dogs, keeping them alive until

the acini degenerated, leaving the islets for isolation.

He approached John Macleod, professor of physiology

and department head at the University of Toronto, for

laboratory space. Macleod granted him laboratory space,

ten dogs for his experiments, a student research assistant

(Charles Best), and provided supervision and guidance.

The experiments began on May 17, 1921, and by

September they showed that the depancreatized dog

developed diabetes and that intravenous injection with

their pancreatic extract, which they named isletin,

lowered the blood glucose. By late 1921, the biochemist

J.B. Collip joined the group and helped purify the isletin

for human use. The first injection of the pancreatic

extract to a 14-year-old boy by Banting and Best on

January 11, 1922, caused a sterile abscess, had no effect

on ketosis, and resulted in mild blood glucose reduction.

Subsequent injections of the purified extract by Collip

had promising results that same year. Blood glucose

and glucosuria decreased, and ketonuria disappeared.

Rosenfeld reported encouraging results in six more

patients (6). Several months later, in 1923, Banting,

Best, and Macleod were awarded the Nobel Prize.

Eli Lilly began producing insulin from animal pancreas

but fell short of the demand, and the potency varied up

to 25% per lot (6). The development of an isoelectric

precipitation method led to a purer and more potent

animal insulin, decreasing the variation between lots to

10% (6).

In 1923, August Krogh, from the University of

Copenhagen, met with Banting and Macleod to learn

more about insulin because his wife had diabetes mel-

litus. He received authorization from the University

of Toronto to bring insulin to Scandinavia. A non-

profit body, Nordisk Insulin Laboratory, began insulin

production (6).
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Because the insulin preparation required several injec-

tions daily, investigators worked to find ways to prolong

its duration of action. In the 1930s, H.C. Hagedorn, a

chemist in Denmark, prolonged the action of insulin by

adding protamine (5). In Toronto, Scott and Fisher

prolonged insulin action further by adding zinc (5). These

discoveries led to the introduction of longer-acting

animal insulins in the market. Protamine zinc insulin

lasted 24�36 hours. Isophane neutral protamine Hage-

dorn lasted 24 hours and could be mixed with regular

insulin. The pharmacokinetics and effects of amorphous

lente insulin (semilente, lente, and ultralente) depended

on the proportion of zinc. In 1978, the first recombinant

DNA human insulin was prepared by David Goeddel

and his colleagues (of Genentech) by utilizing and

combining the insulin A- and B- chains expressed in

Escherichia coli. Thereafter, Genentech and Lilly signed

an agreement to commercialize rDNA insulin. In 1982,

the first insulin utilizing rDNA technology, Humulin†

R (rapid) and N (NPH, intermediate-acting), were

marketed.

Once patients with diabetes started to live longer,

chronic complications of diabetes became prevalent. In

1993, the Diabetes Control and Complications Trial

showed for the first time without any doubt the linear

relation between the degree of glycemic control and

complications (8). To reduce the incidence of hypoglyce-

mia, which is the major limiting factor for intensive

glycemic control, physiologic insulins that mimic the

basal and prandial insulin secretion were sought. Modi-

fication of the site of amino acids in the insulin changed

the pharmacokinetics and led to faster absorption, earlier

peak of action, and shorter duration of action (9). Lispro

was the first short-acting insulin analog approved in

1996 (10) followed by aspart in 2000 (11) and glulisine

in 2004 (12). Currently, there are two basal insulin

analogs in the market, glargine, approved in 2000 (13)

and detemir, approved in 2005 (14). Glargine has glycine

instead of asparagine at position A21, an extra two

arginine molecules at position B30 and a pH of 4.0. It

forms microprecipitates at the site of injection resulting

in a prolonged absorption with little peak activity

(9, 15). Insulin detemir has a 14-carbon fatty acid chain

attached to lysine at position B29 which slows its

absorption (16).

To have an alternative delivery method for insulin,

exubera, the first inhaled insulin, was developed by

Sanofi-Aventis and Pfizer and marketed by Pzifer in

2006 (17). The inhaler device was bulky to use. It did not

add physiologic benefit over rapid-short acting insulin

analogs (18). It was taken off the market after two years

when it failed to gain acceptance from patients and

providers (17, 19).

Conclusion
The discovery of pancreatic crude extracts gave hope to

patients with diabetes mellitus. The subsequent develop-

ment of precisely engineered insulin analogs, which are

more physiologic, improved diabetes control and reduced

or delayed complications. Insulin continues to be the

cornerstone of therapy. Newer medications comple-

ment and enhance insulin action tailored toward dif-

ferent mechanisms in the pathophysiology of diabetes

mellitus.

Meanwhile, in the next issue of JCHIMP, we will

review the other agents for diabetes care.

Conflict of interest and funding
The authors have not received any funding or benefits

from industry or elsewhere to conduct this study.

References

1. Oubre AY, Carlson TJ, King SR, Reaven GM. From plant

to patient: an ethnomedical approach to the identification of

new drugs for the treatment of NIDDM. Diabetologia 1997; 40:

614�7.

2. Marwood S. Diabetes mellitus � some reflections. J R Coll Gen

Pract 1973; 23: 38�45.

3. Gemmill CL. The Greek concept of diabetes. Bull N Y Acad

Med 1972; 48: 1033�6.

4. Mazur A. Why were ‘‘starvation diets’’ promoted for diabetes in

the pre-insulin period? Nutr J 2011; 10: 23.

5. Bliss M. The history of insulin. Diabetes Care 1993; 16(Suppl 3):

S4�7.

6. Rosenfeld L. Insulin: discovery and controversy. Clin Chem

2002; 48: 2270�88.

7. Chance RE, Frank BH. Research, development, production,

and safety of biosynthetic human insulin. Diabetes Care 1993;

16(Suppl 3): 133�42.

8. The Diabetes Control and Complications Trial Research

Group. The effect of intensive treatment of diabetes on the

development and progression of long-term complications in

insulin-dependent diabetes mellitus. The Diabetes Control and

Complications Trial Research Group. N Engl J Med 1993; 329:

977�86.

9. Hirsch I. Insulin Analogues. N Engl J Med 2005; 352: 174�83.

10. Humalog (Internet). Silver Spring, Maryland: US Food and

Drug Administration. Available from: http://www.accessdata.

fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction�Search.

DrugDetails [cited 29 February 2012].

11. Novolog (Internet). Silver Spring, Maryland: US Food and

Drug Administration. Available from: http://www.accessdata.

fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction�Search.

DrugDetails [cited 29 February 2012].

12. Apidra (Internet). Silver Spring, Maryland: US Food and Drug

Administration. Available from: http://www.accessdata.fda.gov/

scripts/cder/drugsatfda/index.cfm?fuseaction�Search.DrugDetails

[cited 29 February 2012].

13. Lantus (Internet). Silver Spring, Maryland: US Food and Drug

Administration. Available from: http://www.accessdata.fda.gov/

scripts/cder/drugsatfda/index.cfm?fuseaction�Search.DrugDetails

[cited 29 February 2012].

14. Levemir (Internet). Silver Spring, Maryland: US Food and

Drug Administration. Available from: http://www.accessdata.

Celeste C. Quianzon and Issam Cheikh

2
(page number not for citation purpose)

Citation: Journal of Community Hospital Internal Medicine Perspectives 2012, 2: 18701 - http://dx.doi.org/10.3402/jchimp.v2i2.18701

http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.jchimp.net/index.php/jchimp/article/view/18701
http://dx.doi.org/10.3402/jchimp.v2i2.18701


fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction�Search.

DrugDetails [cited 29 February 2012].

15. Lantus Prescribing Information (Internet). Bridewater, NJ:

Sanofi-Aventis US LLC. Available from http://products.sanofi.

us/lantus/lantus.html [cited 19 February 2012].

16. Levemir Prescribing Information (Internet). Princeton, New

Jersey: Novo Nordisk. Available from: http://www.novo-pi.com/

levemir.pdf [cited 19 February 2012].

17. Siekmeier R, Scheuch G. Inhaled insulin � does it become

reality? J Physiol Pharmacol 2008; 59(Suppl 6): S81�S113.

18. Heinemann L. New ways of insulin delivery. Int J Clin Pract

Suppl 2011; 170: 31�46.

19. Keegan A. Weak sales lead to Exubera’s market withdrawal.

Doc News 2007; 4: 5.

*Issam Cheikh, MD
Department of Medicine
Union Memorial Hospital
201 E. University Parkway
Baltimore, Maryland 21218
USA
Email: issam.cheikh@medstar.net

History of insulin

Citation: Journal of Community Hospital Internal Medicine Perspectives 2012, 2: 18701 - http://dx.doi.org/10.3402/jchimp.v2i2.18701 3
(page number not for citation purpose)

http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.DrugDetails
http://products.sanofi.us/lantus/lantus.html
http://products.sanofi.us/lantus/lantus.html
http://http;//www.novo-pi.com/levemir.pdf
http://http;//www.novo-pi.com/levemir.pdf
http://www.jchimp.net/index.php/jchimp/article/view/18701
http://dx.doi.org/10.3402/jchimp.v2i2.18701


<<
  /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


