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Staff details - Physicians' desk reference : PDR - UW-Madison Libraries

$aPhysicians' desk ref.$b(Print ed.)

$aPhysicians' desk reference$b(Print ed.)

$aPhysicians' desk reference :$bPDR.

$aPDR

$aOradell, N.J. :$bMedical Economics Co.

$3<2003>-2009%aMontvale, NJ :$bThomson PDR

$32009-2017 :$aMontvale, NJ :$bPDR Network

$avolumes :$billustrations ;$c26 cm

$aAnnual

$atext$btxt$2rdacontent

$aunmediated$bn$2rdamedia

$avolume$bnc$2rdacarrier

$aBegan with: 1974 issue; ceased with: 71st ed. (2017).

$aKept up-to-date with supplemental sheets.

$aHas annual supplements: A, issued in July, and B, issued in September.

$alssued 1988- also on CD-ROM.

$avolumes for 1988-1992 complemented by: Drug interactions and side effects index; 1990-1992 by: Indications

$aDescription based on: 29th ed. (1975).

$alatest issue consulted: 71st ed. (2017).

$aDrugs$vDictionaries.

$aMatiere médicale$vPériodiques.

$aMédicaments$vCatalogues.

$aProduits biologiques$vPériodiques.

$aDrugs.$2fast$0(0CoLC)fsto0v898761

$aGeneesmiddelen.$2gtt

$aBiological Factors.$0(DNLM)D001685

$aPharmaceutical Preparations.$0(DNLM)D004364

$aUnited States.$0(DNLM)D014481

$aDrug Interactions

$aPharmaceutical Preparations / adverse effects / catalogs / United States

https://search.library.wisc.edu/catalog/999480112302121/staff

Hikma Pharmaceuticals IPR2022-00215

Ex. 1013, p. 669 of 852

2/4



11/5/21, 2:46 PM

655 7
655 7
655 2
740 02
775 0_
776 0_
776 0_
776 08
780 00
787 0_
787 0_
787 0_
787 0_
787 0_
787 0_
850
891 20
891 41
949
956
997

MMS IDs

Document ID:

999480112302121

Staff details - Physicians' desk reference : PDR - UW-Madison Libraries

$aDictionaries.$2fast$0(0CoLC)fst01423826

$aDictionaries.$21lcgft

$aCatalog.$0(DNLM)DO19494

$aPhysicians' desk reference.$pSupplement A.

$tPhysicians' desk reference (Compact disk ed.)$x1046-2694$w(DLC)sn 89006897$w(0CoLC)20371510

$tPDR library on CD-ROM with the Merck manual$x1068-6924$w(DLC)sn 93005967%$w(0CoLC)27774951

$tPDR library on CD-ROM$x1068-6916$w(DLC)sn 93005966$w(0COLC)27774886

$iContinued online:$tPhysicians' desk reference$w(0CoLC)697124631

$tPhysicians' desk reference to pharmaceutical specialties and biologicals$x0093-447X$w(DLC) 60000784%w(0Col

$tDrug interactions and side effects index$x1044-7083$w(DLC) 88645872$w(0CoLC)17887549

$tIndications index$x1060-4057$w(DLC) 91642367$w(0COLC)22636891

$tPDR guide to drug interactions, side effects, indications$x1072-1126$w(DLC) 93657497$w(0CoLC)27345788

$tPDR guide to drug interactions, side effects, indications, contraindications$x1094-5199$w(DLC) 98660724$w|

$tPhysicians' desk reference companion guide$x1099-5285%$w(DLC) 98660725$w(0COLC)38906589

$tPDR guide to drug interactions, side effects, and indications$x1933-706X$w(DLC) 2006233156$w(0COLC)628618¢

$aAAP$aAzU$aCNoS$aCSt$aCU$aCU-I$aCU-Riv$aCU-RivA$aCU-RivP$aCaOTU$aCoU$aDLC$aFUSaGU$aICarbS$alEN$aINS$aIU$al

$9853%$81%a+ed.$i(year)$wa

$9863$81.1$a<29>$1<1975>

$a20090106$b*PI-jb$cosdac$ep$fcall:n$grepl:n$hpri

$alaw inet$9LOCAL

$aMARCIVE

Network Electronic IDs:

Network Physical IDs:
999480112302121

mms_ec_ids:

99226963402134

mms_gb_ids:

99663323402123

mms_mad_ids:

991367783602122

mms_ml_ids:

99493863402124

mms_osh_ids:

992239183502126

mms_plt_ids:
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MARC Display (Library of Congress Authorities) https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi? AuthRecID=7440399...

>> Go to Library of Congress Online
Catalog

-,‘_J & "’.‘,.‘

LIBRARY OF CONGRESS AUTHORITIES £

o
e~

The Library of Congress

The Library has opened access to the reading rooms by appointment only. More. The Jefferson Building has
reopened to visitors via timed, ticketed entry. More.

New Search | Headings Start
Search History List Over

[ MARC Display ) Labelled Display )

LC control no.: sh2008102453
LCCN Permalink: https://Iccn.loc.gov/sh2008102453

HEADING: Drugs Dictionaries
000 00433cz a2200169n 450
001 7440399
005 20110729160155.0
008 080207|| anannbabn |n ana
010 _ |a sh2008102453
035 |a(DLC)378019
035 |a (DLC)sh2008102453
040  |a DLC |beng |c DLC
150 _ |a Drugs |v Dictionaries

667  |a Record generated for validation purposes.
670  |a Work cat.: Drugs, 2002

906 |t 8888 |u te00 |v O

953  |ate00

‘ Save, Print or Email Records (View Help)
’Select Download Format: [Text (Labelled Display) v } { Press to SAVE or PRINT}

Email Text (Labelled Display) to:
[ | Press to SEND EMAIL |

Help - Search - Search History - Headings List - Start Over

Library of Congress Authorities

Library of Congress URL: http://authorities.loc.gov/
URL: https://www.loc.gov/ Library of Congress Online Catalog
URL: https://catalog.loc.gov/
Mailing Address:
101 Independence Ave, Questions, comments, error reports: Contact Us
1of2 11/6/2021, 3:12 PM
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OCLC 182846164 No holdings in XXX - 299 other holdings

Re En200 Re 2021101
[ tere 712 place 8234004
‘ Books _j M g 05 g 7
Type | = ELvl |' Srce [¢ Audn| Ctrl |  Lang | e
BLvi |m Form |  Conf |0 Biog |  MRec Ctry | v
Cont (<« GPub| LitF | ° Indx |°
Desc |= Ils |= Fest |° Dtst | Dates | 20 |

040 AJP Sb eng Sc AJP Sd BAKER Sd OCLCQ Sd BTCTA $d YDXCP $d FIC Sd NXA Sd TPH $d OCLCO Sd
OCLCF Sd OCLCO $d OCLCQ $d OCLCO Sd VIM $d OCLCO Sd OCLCQ $d OCLCO Sd OCLCQ Sd OCLCA Sd

GILDS $d MNXPV Sd EUM $d OCLCQ,

019 154787742 Sa 1244475792

020 9781563636608

020 1563636603

043 n-us---

050 14 RS75 $b .P578

060 14 QV 772 Sb P5781

082 04 615.1 PHY

090 S$b

245 00 Physicians' desk reference 2008.

246 3 PDR 2008

250 62nd ed.

260 Montvale, N.J. : Sb Thomson PDR, Sc ©2007.
300 3480 pages : Shillustrations ; ¢ 31 cm

336 text Sb txt $2 rdacontent

337 unmediated Sb n $2 rdamedia

338 volume $Sb nc $2 rdacarrier

650 0 Drugs Sv Dictionaries.

650 0 Pharmacology Sv Dictionaries.

650 0 Pharmacy.

650 0 Materia medica.

650 0 Biological products.

650 2 Biological Products

650 2 Catalogs, Drug

650 2 Pharmaceutical Preparations

650 2 Pharmacology

651 2 United States

650 7 Biological products. $2 fast $0 (OCoLC)fst00832292
650 7 Drugs. $2 fast S0 (OCoLC)fst00898761

650 7 Materia medica. $2 fast S0 (OColLC)fst01011707
650 7 Pharmacology. $2 fast SO (OCoLC)fst01060259
650 7 Pharmacy. S2 fast $0 (OCoLC)fst01060285
650 7 Farmdcia. S2 larpcal

655 2 Catalogs

655 2 Dictionary
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MARC Display (Library of Congress Authorities) https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi? AuthRecID=4750382...

>> Go to Library of Congress Online
Catalog

The Library of Congress

A

: LIBRARY OF CONGRESS AUTHORITIES 4%

s

The Library has opened access to the reading rooms by appointment only. More. The Jefferson Building has
reopened to visitors via timed, ticketed entry. More.

New Search | Headings Start
Search History List Over
Next »
[ MARC Display ) Labelled Display )

LC control no.: sh 85100599
LCCN Permalink: https://Iccn.loc.gov/sh85100599
HEADING: Pharmacology
000 01163cz a2200277n 450
001 4750382
005 20120327100210.0
008 860211i| anannbabn |b ana
010 _ |a sh 85100599
035 |a (DLC)sh 85100599
035 |a (DLC)97067
040 |a DLC |¢ DLC |d DLC
053 0 |a RM300 |b RM671.5
150 _ |a Pharmacology

360 |i subdivision |a Effect of drugs on [i under individual organs, regions, and tissues of
the body, e.g. |]a Foot--Effect of drugs on; Heart--Effect of drugs on; |i and subdivision
|a Physiological effect |i under individual chemicals and groups of chemicals, e.g. |a
Copper--Physiological effect

450  |a Drug effects

450  |a Medical pharmacology

550 |w g|a Medical sciences

550  |a Chemicals |x Physiological effect
550  |a Chemotherapy

550  |a Drugs

550 _ |a Pharmacy

680  |i Here are entered works on the science of drugs, including their chemistry, actions,
and effects. Works on the study of the properties, preparation, and uses of drugs from
natural sources are entered under |a Pharmacognosy.

681 i Note under |a Pharmacognosy
906 [t9128 |u k04 |v 0
953  |axx00 |b fg04
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https://authorities.loc.gov/help/disphlpA1.htm
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=sbSearch&SEQ=20211106173302&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=sbSearch&SEQ=20211106173302&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo
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https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=HISTORY&SEQ=20211106173302&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=HISTORY&SEQ=20211106173302&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=HISTORY&SEQ=20211106173302&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=HISTORY&SEQ=20211106173302&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?hd=0,0&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo&HEADBROWSE=0&HIST=0&SEQ=20211106173302&SID=1
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?hd=0,0&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo&HEADBROWSE=0&HIST=0&SEQ=20211106173302&SID=1
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?hd=0,0&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo&HEADBROWSE=0&HIST=0&SEQ=20211106173302&SID=1
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?hd=0,0&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo&HEADBROWSE=0&HIST=0&SEQ=20211106173302&SID=1
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=Exit&SEQ=20211106173302&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=Exit&SEQ=20211106173302&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=Exit&SEQ=20211106173302&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=Exit&SEQ=20211106173302&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?AuthRecID=4658055&v1=2&HC=46&SEQ=20211106173302&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?AuthRecID=4658055&v1=2&HC=46&SEQ=20211106173302&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?AuthRecID=4658055&v1=2&HC=46&SEQ=20211106173302&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?AuthRecID=4658055&v1=2&HC=46&SEQ=20211106173302&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?AuthRecID=4750382&v2=1&HC=46&SEQ=20211106173302&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?AuthRecID=4750382&v2=1&HC=46&SEQ=20211106173302&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?AuthRecID=4750382&v2=1&HC=46&SEQ=20211106173302&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?AuthRecID=4750382&v2=1&HC=46&SEQ=20211106173302&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?AuthRecID=4750382&v3=1&HC=46&SEQ=20211106173302&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?AuthRecID=4750382&v3=1&HC=46&SEQ=20211106173302&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?AuthRecID=4750382&v3=1&HC=46&SEQ=20211106173302&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?AuthRecID=4750382&v3=1&HC=46&SEQ=20211106173302&PID=LAxOVBDc2SmcDyxTv8IVZzSeYeo
https://lccn.loc.gov/sh85100599
https://lccn.loc.gov/sh85100599
https://lccn.loc.gov/sh85100599
https://lccn.loc.gov/sh85100599

MARC Display (Library of Congress Authorities) https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi? AuthRecID=4750382...

Next »

‘ Save, Print or Email Records (View Help)
‘Select Download Format: [Text (Labelled Display) v ] [ Press to SAVE or PRINT]

Email Text (Labelled Display) to:
[ | Press to SEND EMAIL |

Help - Search - Search History - Headings List - Start Over

Library of Congress Library of Congress Authorities
URL: https://www.loc.gov/ URL: http://authorities.loc.gov/
Library of Congress Online Catalog
Mailing Address: URL: https://catalog.loc.gov/
101 Independence Ave,
S.E. Questions, comments, error reports: Contact Us
Washington, DC 20540
2 of 2 11/6/2021, 3:33 PM
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MARC Display (Library of Congress Authorities) https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi? AuthRecID=4694880...

>> Go to Library of Congress Online
Catalog

The Library of Congress

A

@ LIBRARY OF CONGRESS AUTHORITIES 4

The Library has opened access to the reading rooms by appointment only. More. The Jefferson Building has
reopened to visitors via timed, ticketed entry. More.

New Search | Headings Start
Search History List Over
Next »
[ MARC Display ) Labelled Display )

LC control no.: sh 85042997
LCCN Permalink: https://Iccn.loc.gov/sh85042997
HEADING: Encyclopedias and dictionaries
000 01876¢cz a2200301n 450
001 4694880
005 20120323073014.0
008 860211i| anannbabn |a ana
010 _ |a sh 85042997
035 |a (DLC)sh 85042997
035 |a (DLC)5706469
035 |a (DLC)sp 85042997
035  |a (DLC)286945
040 _ |a DLC |e DLC |d DLC
053 0 |a AE |c Encyclopedias
053 0 |a AG |c Dictionaries
150 _ |a Encyclopedias and dictionaries

360 |i subdivisions |a Dictionaries |i or |a Encyclopedias |i under subjects

450 |a Books of knowledge

450  |a Cyclopedias

450  |a Dictionaries

450 _ |a Encyclopedias and dictionaries, English

450  |a Knowledge, Books of

450  |a Subject dictionaries

550  |w g |a Reference books

680 |i Here are entered comprehensive reference works in the English language
consisting of explanatory articles arranged alphabetically or topically and not limited to
a specific topic. Works of this type in other languages are entered under headings of the
type Encyclopedias and dictionaries, [language], e.g. |a Encyclopedias and dictionaries,
French; Encyclopedias and dictionaries, Spanish. |i Works about encyclopedias and
dictionaries in general, and works about English-language encyclopedias and

dictionaries, are entered under |a Encyclopedias and dictionaries |i with further
subdivision, e.g. |]a Encyclopedias and dictionaries--History and criticism. |[i Works
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https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=sbSearch&SEQ=20211106173439&PID=nzeFQ7NUSNIB_59YeaaQKwk_3hN
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=sbSearch&SEQ=20211106173439&PID=nzeFQ7NUSNIB_59YeaaQKwk_3hN
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=sbSearch&SEQ=20211106173439&PID=nzeFQ7NUSNIB_59YeaaQKwk_3hN
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=HISTORY&SEQ=20211106173439&PID=nzeFQ7NUSNIB_59YeaaQKwk_3hN
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=HISTORY&SEQ=20211106173439&PID=nzeFQ7NUSNIB_59YeaaQKwk_3hN
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=HISTORY&SEQ=20211106173439&PID=nzeFQ7NUSNIB_59YeaaQKwk_3hN
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=HISTORY&SEQ=20211106173439&PID=nzeFQ7NUSNIB_59YeaaQKwk_3hN
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?hd=1,0&PID=nzeFQ7NUSNIB_59YeaaQKwk_3hN&HEADBROWSE=0&HIST=0&SEQ=20211106173439&SID=3
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?hd=1,0&PID=nzeFQ7NUSNIB_59YeaaQKwk_3hN&HEADBROWSE=0&HIST=0&SEQ=20211106173439&SID=3
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?hd=1,0&PID=nzeFQ7NUSNIB_59YeaaQKwk_3hN&HEADBROWSE=0&HIST=0&SEQ=20211106173439&SID=3
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?hd=1,0&PID=nzeFQ7NUSNIB_59YeaaQKwk_3hN&HEADBROWSE=0&HIST=0&SEQ=20211106173439&SID=3
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=Exit&SEQ=20211106173439&PID=nzeFQ7NUSNIB_59YeaaQKwk_3hN
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=Exit&SEQ=20211106173439&PID=nzeFQ7NUSNIB_59YeaaQKwk_3hN
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=Exit&SEQ=20211106173439&PID=nzeFQ7NUSNIB_59YeaaQKwk_3hN
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=Exit&SEQ=20211106173439&PID=nzeFQ7NUSNIB_59YeaaQKwk_3hN
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?AuthRecID=4676054&v1=2&HC=13&SEQ=20211106173439&PID=nzeFQ7NUSNIB_59YeaaQKwk_3hN
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?AuthRecID=4676054&v1=2&HC=13&SEQ=20211106173439&PID=nzeFQ7NUSNIB_59YeaaQKwk_3hN
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consisting of comprehensive alphabetical lists of the words of a specific language,
usually with definitions, are entered under the heading for the language with subdivision
Dictionaries, e.g. |a English language--Dictionaries. |[i Works about dictionaries of a
specific language are entered under the heading for the language with subdivision
Lexicography, e.g. |a English language--Lexicography.
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LC control no.: sh 85100603
LCCN Permalink: https://Iccn.loc.gov/sh85100603
HEADING: Pharmacy
000 00552¢z a2200229n 450
001 4750386
005 20120327100210.0
008 860211i| anannbabn |b ana
010 _ |ash 85100603
035 |a (DLC)sh 85100603
035 |a(DLC)97071
040 |a DLC |¢ DLC |d DLC
053 0|aRS
150 _ |a Pharmacy

360 |i headings beginning with the word |a Pharmaceutical
550  |w g |a Chemistry

550  |w g |a Medicine

550  |a Drugs

550  |a Materia medica

550  |a Pharmacology
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Library of Congress Library of Congress Authorities
URL: https://www.loc.gov/ URL: http://authorities.loc.gov/
Library of Congress Online Catalog
Mailing Address: URL: https://catalog.loc.gov/
101 Independence Ave,
S.E. Questions, comments, error reports: Contact Us
Washington, DC 20540
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MARC Display (Library of Congress Authorities) https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi? AuthRecID=4732579...

>> Go to Library of Congress Online
Catalog

AR i

LIBRARY OF CONGRESS AUTHORITIES £

o
e~

The Library of Congress

ASW 5".77

The Library has opened access to the reading rooms by appointment only. More. The Jefferson Building has
reopened to visitors via timed, ticketed entry. More.

o 0] s | o]

Search History List Over
Next »

[ MARC Display ) Labelled Display )

LC control no.: sh 85082055
LCCN Permalink: https://Iccn.loc.gov/sh85082055
HEADING: Materia medica
000 00501cz a2200205n 450
001 4732579
005 20120327092956.0
008 860211i| anannbabn |b ana
010 _ |a sh 85082055
035 |a (DLC)sh 85082055
035 |a (DLC)79264
040 |a DLC |¢ DLC |d DLC
053 0 |a RS153 [b RS 441 |c General
053 0 |a RV401 [b RV411 |c Eclectic medicine
150 _ |a Materia medica

550  |w g |a Therapeutics
550  |a Drugs

550  |a Pharmacy

906  [t9539 [ute07 v O
953  |axx00 |b ta25

Next »

’ Save, Print or Email Records (View Help)
‘Select Download Format: [Text (Labelled Display) v ] [ Press to SAVE or PRINTJ

Email Text (Labelled Display) to:
| | Press to SEND EMAIL |

Help - Search - Search History - Headings List - Start Over
Library of Congress Authorities
" Library of Congress URL: http://authorities.loc.gov/
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https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?hd=0,0&PID=upyZ3R2XDN4X2876kZ5y8yeGakE&HEADBROWSE=0&HIST=0&SEQ=20211106173638&SID=5
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?hd=0,0&PID=upyZ3R2XDN4X2876kZ5y8yeGakE&HEADBROWSE=0&HIST=0&SEQ=20211106173638&SID=5
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?hd=0,0&PID=upyZ3R2XDN4X2876kZ5y8yeGakE&HEADBROWSE=0&HIST=0&SEQ=20211106173638&SID=5
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=Exit&SEQ=20211106173638&PID=upyZ3R2XDN4X2876kZ5y8yeGakE
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https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?AuthRecID=4732579&v2=1&HC=13&SEQ=20211106173638&PID=upyZ3R2XDN4X2876kZ5y8yeGakE
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https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=HISTORY&SEQ=20211106173638&PID=upyZ3R2XDN4X2876kZ5y8yeGakE
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?hd=0,0&PID=upyZ3R2XDN4X2876kZ5y8yeGakE&HEADBROWSE=0&HIST=0&SEQ=20211106173638&SID=5
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?hd=0,0&PID=upyZ3R2XDN4X2876kZ5y8yeGakE&HEADBROWSE=0&HIST=0&SEQ=20211106173638&SID=5
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?hd=0,0&PID=upyZ3R2XDN4X2876kZ5y8yeGakE&HEADBROWSE=0&HIST=0&SEQ=20211106173638&SID=5
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?hd=0,0&PID=upyZ3R2XDN4X2876kZ5y8yeGakE&HEADBROWSE=0&HIST=0&SEQ=20211106173638&SID=5
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?hd=0,0&PID=upyZ3R2XDN4X2876kZ5y8yeGakE&HEADBROWSE=0&HIST=0&SEQ=20211106173638&SID=5
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?hd=0,0&PID=upyZ3R2XDN4X2876kZ5y8yeGakE&HEADBROWSE=0&HIST=0&SEQ=20211106173638&SID=5
https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?PAGE=Exit&SEQ=20211106173638&PID=upyZ3R2XDN4X2876kZ5y8yeGakE
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MARC Display (Library of Congress Authorities) https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi? AuthRecID=4732579...

URL: https://www.loc.gov/

Library of Congress Online Catalog
URL.: https://catalog.loc.gov/

Mailing Address:

101 Independence Ave,
S.E. Questions, comments, error reports: Contact Us

Washington, DC 20540
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20f2
Hikma Pharmaceuticals IPR2022-00215 Ex. 1013, p. 689 of 852


https://www.loc.gov/
https://www.loc.gov/
https://www.loc.gov/
https://www.loc.gov/
https://catalog.loc.gov/
https://catalog.loc.gov/
https://catalog.loc.gov/
https://catalog.loc.gov/
https://authorities.loc.gov/help/contact-authorities.htm
https://authorities.loc.gov/help/contact-authorities.htm
https://authorities.loc.gov/help/contact-authorities.htm
https://authorities.loc.gov/help/contact-authorities.htm

ATTACHMENT 3h

Hikma Pharmaceuticals IPR2022-00215 Ex. 1013, p. 690 of 852



MARC Display (Library of Congress Authorities) https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi? AuthRecID=4666964...

>> Go to Library of Congress Online
Catalog

AR i

LIBRARY OF CONGRESS AUTHORITIES £

Ry
e~

The Library of Congress

L
2 b

2 v
Yol -

The Library has opened access to the reading rooms by appointment only. More. The Jefferson Building has
reopened to visitors via timed, ticketed entry. More.

o 0] s | o]

Search History List Over
Next »

[ MARC Display ) Labelled Display )

LC control no.: sh 85014183
LCCN Permalink: https://Iccn.loc.gov/sh85014183

HEADING: Biological products
000 00672¢cz a2200217n 450
001 4666964
005 20120321074715.0
008 860211i| anannbabn |a ana
010 _ |ash 85014183
035 |a (DLC)sh 85014183
035 |a(DLC)13649
040 |a DLC |¢ DLC |d DLC
150 _ |a Biological products
450  |a Bioproducts
450  |a Products, Biological
550  |w g |a Natural products
550  |a Metabolites
670 _ |a Bioproducts and bioprocesses: 2nd conf., Sep. 27-30, 1986, c1989.

680 |i Here are entered works on products of biological origin as well as commercial
products of biotechnology.

906 [t 9144 |u tk04 |v 1
953 |a xx00 [b ff05

Next »

‘ Save, Print or Email Records (View Help)
‘Select Download Format: [Text (Labelled Display) v ] [ Press to SAVE or PRINT]

Email Text (Labelled Display) to:
[ | Press to SEND EMAIL |

Help - Search - Search History - Headings List - Start Over
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https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi?hd=0,0&PID=auLr3ZZgsrrlEsi5v8IVZVUtjvf&HEADBROWSE=0&HIST=0&SEQ=20211106173808&SID=7
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Purified elcosapentaenmc and docosahexaenorc aCIdS have S
d|fferent|al effects on serum lipids and Ilpoprotelns LDL parhcle .

S|ze glucose and msulm in. mlldly hyper||p|dem|c men1‘3

TrevorA Morl, Valerte Burke Ian B Puddey, Gerald F Watts, Davzd N O’Neal James D Best and Lawrence J Bezlm f.':

ABSTRACT. © . o oo
Background: Regular consumptlon of n— 3 fatty acids of marine

origin can improve serum lipids and reduce cardiovascular risk. -

Objective: This study aimed to determine whether eicosapen-
taenoic (EPA) and docosahexaenoic (DHA) acids have differ-
ential effects on serum hprds and hpoprotems glucose, and
insulin in humans.

Design: In a double-blind, placebo controlled trral of parallel.

design, 59 overwerght nonsmoking, mildly -hyperlipidémic
men were randoimly. assigned:to :receivei4 g:purified ‘EPA,
DHA; or olive oil (placebo) darly whrle contmumg therr usual
diets for 6'wk.:

Results:. Fifty-six: men aged 48 8 + 1 1 y completed the study
Relative to those.in the olive oil group, triacylglycerols fell by
0.45 £ 0.15 mmol/L; (=20%; P = 0.003) in the DHA group and

by-0.37:1.0.14 mmol/L (=18%; P.= 0.012) in'the EPA group.

Neither EPA nor.DHA had any effect on total.cholesterol:: LDL,

HDL;:and -HDL, cholesterol .were not ‘affected ‘significantly by

EPA but HDL, cholesterol decreased srgmfrcantly (6.7%;
=-0.032). Although HDL cholesterol was: not s1gn1ﬁcantly
1ncreased by DHA'(3.1%), HDL, cholesterol increased by =~29%
(P = 0.004). DHA increased LDL ¢cholesterol by 8% (P = 0.019).
Adjusted’-LDL.: particle sizeincreased - by: 0.25:% 0,08 'nm
(P =0.002) with DHA but not with EPA. EPA supplementation
increased ‘plasma and-platelet phospholipid . EPA 'but reduced
DHA. DHA supplementation increased DHA and EPA in plasma
and platelet phospholipids. Both EPA and DHA increased fasting
insulin srgmfrcantly EPA,; but not DHA tended to increase fast-
ing glucose, ‘but not significantly so. S e
Conclusions: EPA .and DHA had d1fferent1al effects on: lrplds
fatty acids, and glucose metabolism in overweight men with mild
hyperhp1dem1a AmJ Clm Nutr 2000 71: 1085—94

KEY WORDS Ercosapentaenorc acrd docosahexaen01c acrd
EPA, DHA, hyperhprdemra, fish oil, n—3 fatty acids, lipids, LDL

particle size,‘glucose metabolism; insulin metabolism, men. .-

eyt

INTRODUCTION e e e = L

“There is considerable evrdence to support a protectlve effect
of dietary-n—3 polyunsaturated fatty acids .against!atheroscle-
rotic heart disease (1). The 2 principal n=3 fatty acids in marine
oils‘,weic()sapentaenoic acid . (EPA; .20:5n=3) ,andt docosa-

. ¥ AN

hexaenolc acrd (DHA 22 6n 3) have a wrde range of brolog-‘
ical ‘effects: (1-3).” Those relevant to heart disease include
influences’ on lipoprotein: metabolism - (4,..5), platelet .and
endothelial function, vascular reactivity, neutrophil and mono-
cyte cytokine: production, coagulation, fibrinolysis, and blood
pressure (1-3, 6,:7). In"addition, the effect of n—3 fatty acids
may be dependent, to some extent, on.the presence of underly-
ing disorders suchasdyslipidemia, hypertens1on diabetes
mellitus, and vascular disease. o

:n—3 Fatty acidsupplementation in. ammals and humans
results in substantial increases in'plasma and tissue EPA and
DHA as well as variable incorporation in différent phospholipid
classes in' different - tissues: (8—10). These: differences may be
important to the subsequent utilization and metabolism of EPA «
and DHA. Although both-fatty acids: are.considered to be bio-
logically active, most studies have focused on the relative impor-
tance and effects of EPA, primarily because of its predominance
in-marine oils and fish species. The recent availability of purified .
EPA and DHA, however; has enabled’ studres of the 1ndependent
brologrcal effects of these fatty acids.:: @ win o B

.: Evidence from in vitro studies suggests dlfferentlal effects of

’ EPA and DHA (11,:12). Inivitro (13) and animal (10, 14, 15)

studies have also suggested that EPA may be primarily responsible
for'the hypotriglyceridemic effect of n—3 fatty acids.’ Rambjor et
al (16) concluded that EPA is responsible for the triacylglycerol-
lowering effect of fish oils in humans; but their study had small
numbers of subjects and .was of short duration. In contrast, a
hypotriglyceridemic effect of DHA was shown in healthy sub-
_]ects (17) and in patrents w1th combrned hyperhprdemra (18)

i1 From the Department of Medicing, The University of Western Australia
‘and The West Australian Heart Research Institute, Perth, and the Department
of Medicine, University of Melbourne and St Vincent’s Hospltal Melbourne.
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1086 ‘ : MORIET AL

Grimsgaard et al (19) reported that EPA'and DHA have similar

triacyglycerol-lowering effects compared with corn oil placebo.
However, DHA significantly increased HDL cholesterol, whereas
EPA significantly lowered both total cholesterol and apolipopro-
tein (apo) A-I'concentrations (19). Neither fatty ac1d altered
LDL—cholesterol concentrations srgnrﬁcantly k

Possible. benefits of n— -3 fatty acids have to be weighed
against the potentral for 1rnpa1rment of glycemic control, partic-
ularly in patients. with type 2 diabetes (20-23). However, studies -
in healthy subJects, in- patrents with dyslipidemia (24) ‘and in

_ patients” with: untreated hypertension (25) showed. no adverse e
effects of n—3 fats on. plasma glucose concentratlons To our .
_“tion. Serum glucose was measured with an automated Techmcon

knowledge, there have been no studies in which the effects of
pure EPA were compared with those of DHA on mdexes of glu-
cose and msulm metabolism in humans ‘ '
In view of the increasing use of n—3 fatty ac1ds in the diet as
food additives: or:as therapeutxc substances, it is important to-
determine the extent of any differential effects of EPA'and DHA!
This study examined: the: 1ndependent effects of EPA and-DHA
on fatty acid and lipid metabolism, as well as on fasting glucose
and ‘insulin concentrations. The study.also:aimed. to. determine
whether EPA and DHA differ in their effects on HDL cholesterol
subfractrons and LDL partrcle srze G e

s .

i

' SUBJECTS AND METHODS

Study populatlon ¥ o

Mlldly hypercholesterolem1c but otherw1se healthy, -non-
smoklng men;aged 20-65y were ‘recruited :from:the: general
community by media advertising: Entry criteria‘included a serum
cholesterol :¢oncentration:>6immol/L;: a triacylglycerol concen-
tration > 1.8 mmol/L, or both; a body mass index (BMI; in kg/m?)
between 25.and 30; and:no recent (previous 3 mo) symptomatic
heart disease, diabetes, or livet or renal disease (plasma creatinine
>130. wmol/L). None of the subjects were regularly. taking nons-
teroidali-antiinflammatory,  antihypertensive,: or :lipid-lowering

drugs or other.drugs known to affect 1ipid metabolism. All of the -

men had a:usual weekly .consumption 'of not more than one fish
meal and drank <210'mL ethanol/wk: Fifty-nine of the 136
subjects ® screened * satisfied : the entry criterial. The : study: was
approved by the ethics committee of the Royal Perth Hosprtal and
all sub_]ects gave wrltten consent : ol ealiire

Dletary educatmn and mterventwn

All sub]ects maintained their usual dlets and alcohol mtakes
during a 3-wk familiarization period. Baseline measurements

were: collected ‘and the men: were :stratified. for. age:and. BMI -

before being randomly.assigned to-1 of 3 groups: 4 g daily. of
EPA, DHA; or olive oil (placebo) capsules for 6-wk: Capsules
contained ‘either” pur]fled preparatrons of EPA -ethyl ‘ester
(~96%) DHA ethyl ester (~92%) or ohve oil (~75% oleic acid

ethyl ‘ester). “All partrcrpants were lnstructed o’ mamtam the1r ‘

usual diets, alcohol intakes, ‘dnd physwal act1v1t1es, and not to
make any changes to, the1r llfestyle throughout the 1ntervent1on
perrod : PR :

Atan 1n1t1a1 1nterv1ew subjects were glven wrltten and verbal
instructions by a dietitian on how to keep diet records; with food
weighed or measured. The same dietitian monitored the dietary
intake of all the volunteers at 2-wk intervals and ensured that

usual eating habits were maintained. A 3-d diet record (2 week- __
it . . Tt bt
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/"\ . )
days ‘and 1 weekend day) was COmpleted by’ the volunteers at
baselme and postmterventron

Llfestyle assessment and anthropometry

; Alcohol 1ntakes physwal act1v1t1es “and any med1cat1ons
taken were monrtored every second week durmg the intérvention
by using 7-d retrospecuve d1ar1es Werght was measured every
second week wrth an electronic scale.

i Serum llplds, glucose, and msulm

Fastmg serumlipids, hpoprotelns glucose, and msuhn were
measured twice at baseline and twice at the end of the interven-

Axon Analyzer (Bayer Diagnostics, Sydney, ‘Australia) by using a

** hexokinase method within 12 h of collection: The assay precision

for serum glucose at 4.9 mmol/L was 3.1%. Serum insulin was
measured by rad101mmunoassay with an automated immunoassay
analyzer (Tosoh Corporation, Tokyo). The CV. for serum insulin
at 21 and 102 pmol/L was 14.0% and 8.0%, respect1vely The pre-
cision in the range of 234-720 pmol/L was 7.0%.: sl

- Serum total cholesterol and triacylglycerols were determmed
enzymatlcally on the Cobas MIRA analyzer (Roche Diagnostics,
Basel, SW1tzerland) with reagents from Trace Scientific (Mel:
bourne). The assay CVs:were 2:2% at 4.2- mmoV/L and :1:4% at
10.5 mmoV/L for total cholesterol ‘and 1.6% at 4.0 mmol/L ‘and
2.5% at 1.2 mmol/L for. tr1acylglycerol HDL cholesterol .was
determined on :a:heparin-manganese supernate (26); the CV:at =
1.1 mmol/L was 1.9%. HDL, and HDL, cholesterol were’deter-
mined by using a:single precipitation procedure. (27), LDL cho-

. lesterol was calculated by using. the Friedewald :formula’ (28).

Setum for the’analyses. of lipids, lipoproteins,and insulin was
snap-frozen in liquid.nitrogen and:stored:at:— 80°C. Samples
obtained ‘at baseline. and at the end of the’intervention Were
measured ina smgle assay to mmrmtze 1nterassay varratlon

LDL partlcle srze ,

- LDL particle size was determmed from LDL 1solated by verti-
cal density-gradient ultracentrifugation of 4 mL plasma collected
into EDTA (29). LDL particle diameter was determined by.using
a previously published methed (30, 31) with use of commercially
available 3-13% nondenaturing native gels (Gradipore, Sydney,.
Australia).”Markers used’ were 28-nm- latex: beads: (Duke,. Palo -
Alto, CA) and high-molecular-weight standards (Pharmacia, Pea-
pack, NIJ).. Gels ‘were scanned by :Tracktel. video: densitometry
(Vision System Ltd, Adelaide, Australia) to provide a quantitative
estimate -of .the: dominant: peak size. Particle! diameter..was
obtained from a standard curve of the logarithm of the diameter
of the standards (latex beads, 28 nm;-thyroglobulin,:17.nm; -and
ferritin, 12.2 nm) against their positions on the scanned gel. A sta-
tistical ‘package was' used -to-derive.a regression ‘equation ‘that
allowed test samples to'bessized. The' CV of ‘a* 26 l-nm qualrty-
control sample run on every gel was 0.8%. oy gy i

Plasma and platelet phosphohpld fatty acids

Plasma (1 mL) and washed platelets prepared from blood col-
lected into EDTA were extracted with chloroform:methanol (2:1
by vol, 5'mL). The phospholipid fraction was obtained from total

" lipid extracts by thin-layer.chromatography by using a solvent
“system'of hexane:diethyl ether:acetic acid:methanol (170:40:4:4,

by vol) on silica gel 60 F,,-precoated aluminum sheets (Merck, -

 Darmstadt, Germany). Fatty acid methyl esters were preparcd by
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TABLE 1
Characteristics of participants in the 3 groups at baseline’
7 Olive oil (control) EPA i DHA

(n=20)": =19 "1 -« (n=17)
Age (y) 484 £2.0 489 1.7 49.1+£2.2
Body weight (kg) 88720 - 89.1£23: .:-908+28
BMI (kg/m?) 284 +0.5; 29.0+0.7:: - w0 289107
Waisttohipratio - 094+001 ' 0.9310.01 0.94 +£0.01

’X = SEM. There were no significant differences by one-way ANOVA.
EPA ercosapentaenorc acrd DHA docosahexaenorc ac1d ‘ k

treatrng phospholipid extracts with 4% H,SO, in methanol at
90°C for 20 min and analyzed by gas-liquid chromatography
with a model 5980A gas chromatograph equipped with a 3393A
computlng integrator (Hewlett-Packard, Rockville,r MD). The
column was a BPX70 (25 m X 0.32 mm, 0. 25 -pm ﬁlm thick-
ness;. SGE, Ringwood, Australia) with a temperature pro-
grammed from 150 to 210 °C at 4°C/min and with nitrogen as the
carrier gas at a split ratio of 30:1. Peaks were identified by com-
paring them with ‘a known standard mixture. Individual fatty .
acids were calculated as a relatlve percentage with the evaluated
fatty acids set at 100%

Statlstlcal analysrs ‘ [ L ihann

D1et records were’ analyzed by using DIET/1’ (versron 4;
Xyrls, Brlsbane, Australia), which is based on the Australian
Food Composition Database NUTTAB 1995A-(32). Data were

analyzed by using SPSS (SPSS Inc, Chlcago) with- general 11n- _r;

ear models to assess the effects of EPA or DHA relative to the
olive oil group. Significance levels were adjusted for multlple
comparisons - by using the Bonferroni method Values are:
reported as means SEMs o : :

RESULTS
Study populatlon

Flfty -six of the 59 subjects completed the study Two subjects -
withdrew because they were unable to maintain the schedule of
laboratory vrsrts and one subject wrthdrew because of gastrorn-

testinal symptoms. Baseline characteristics of the 3 groups con-
firmed that they were well matched for the entry crlterra (Table 1
andTableZ) R R NS H RS

Energy and macronutrrent mtakes

‘Evidence of adherence to the drets was from analys1s of dlet
records and capsule counts. There was no significant difference
in: body weight between the groups at baseline (Table 1) and no
significant change during the intervention, Weight changes in the
3 groups were as follows: 0.2, 0.2, and 0.3 kg in the control,
EPA, and DHA groups, respectively. Analysis of diet records
indicated that total energy and major macronutrient intakes were
not significantlydifferent between groups at basehne (Table 3)
and did not change significantly. in any of the, groups ‘during the
intervention. ‘Alcohol ‘drinking and " physrcal act1v1ty were
unchanged durmg the 1nterventlon 1n all groups 3

Plasma and platelet phosphohprd fatty acrds

o _—

At basehne ‘there'were no : srgmﬁcant drfferences between
groups in plasma and platelet phosphohprd fatty acid composi- . -

v
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tion. The changes-in plasma (Flgure 1) and platelet (Figure 2)
- “phospholipid - fatty acids in'each group ‘indicated comphance
-with capsule intake. There were no significant changes in fatty
acrd composition in the control group ;

rort

Plasma fatty acids
In plasma phosphohplds EPA supplementatron 1ncreased EPA v

" by 494% (P <'0.01) and docosapentaenoic acid (DPA 22:5n~ -3)

by. 87%.-(P < 0.01), without s1gn1ﬁcantly .changing DHA (9%

:+: rchange; NS). In the DHAgroup, DHA and EPA increased by 167%
81i(P.< 0.01) and-52% (NS) respectively, whereas.DPA was.not
affected 'significantly. Oleic acid (18:1n—9) concentrations were

_ significantly decreased by both EPA (by 11%; P < 0.01) and DHA
“(by 11%; P < 0. 01) supplementatron There was a srgnlﬁcantly
larger (P < 0.01) decrease in linoleic acid (18:2n—6) in the EPA
group:(by.21%; P <'0.01) thanin the DHA group (by 12%;
_.P < 0.01). EPA and DHA decreased arachidonic acid (20:4n—6)

by 25% (P <0.01) and 22% (P <0.01), respectively, and decreased

20:3n—6 by approximately the same extent, 36% (P <0 Ol) and
28% (P <0.01), respectrvely o t , .

Platelet fatty aczds B

- EPA supplementation srgnlﬁcantly 1ncreased p]atelet phospho-
hprd EPA by 370% (P < 0.01) and DPA’ by 56% (P:<-0. 01), but
“also srgnrﬁcantly decreased DHA by 28% (P < 0.01). DHA sup-
' plementation srgnlﬁcantly increased DHA by :155% (P < 0.01)
and EPA by 54% (NS).'DPA, however, unlike in plasma phos—
;, .pholipids, decreased significantly by 34% (P < 0.01). Both EPA
rand DHA significantly decreased stearic acid (18:0) (P < 0, 01)
whereas only EPA decreased 20:3n—6 (by 25%; P < 0.01). Sim-
ilar to plasma phospholipids, 20:4n—6" decreased ' significantly
“more (P <0.01) after EPA (by 15% P < O 01) than after DHA (by
“7%; P<0.01). - R

Serum 11p1ds

There were no srgmﬁcant differences in fastrng serum hprds

- at baseline between groups (Table 2). Changes in fastmg lipids

and lipoproteins are shown in Figures 3 and 4. There were no
“significant changes in llprds Wrth olive 011 supplementat1on Ner-
_,ther EPA nor DHA supplementatron had : an effect on serum total
cholesterol concentratrons After adjustment for basehne values,
fastmg trlacylglycerols decreased s1gn1ﬁcantly by 18.4% with
EPA (P = 0.012) and by 20% with DHA (P = 0.003), relative to
the' placebo "group. Serum ‘LDLcholesterol 'increased ' signifi~
cantly with-DHA (by 8%;'P:="0.019); but-not with EPA* (by
3.5%; NS). In.the EPA group, the nonsignificant 3% decrease in
HDL cholesterol was attributable to a significant 6.7% reduction
in HDL, cholesterol (P.= 0.032) and no change in HDL, choles-

 terol.' A small, albeit nonsignificant increase (3.1%) in HDL cho-

lesterol - after. DHA ‘supplementation ‘was’ due to:a significant

-~increase (29%) in the HDL;-cholesterol subfraction (P.=0. 004) '

w1th no 51gn1ﬁcant change in the HDL3-cholesterol subfractlon

LDL partlcle 51ze

LDL particle size was not s1gn1ﬁcantly d1fferent between
* groups at baseline (Table 2). Neither olive 011 nor EPA had a
srgmficant effect:on LDL particle size, -whereas:DHA" supple-
“mentation significantly increased LDL particle size (P = 0.002)

., after adjustment for baseline values (Table 2 and Figure 5). At
. baseline; LDL particle size was inversely correlated with triacyl-
- glycerol (r. = —0.58, P-< 0.0001) and:positively correlated with
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TABLE 2 S R R T TN R R R LLNT I T RN S SO : o R '/>. RTINS B O
Fasting serum hprds, glucose, and 1nsulm at baselme and postmterventron in the3groups T T SO I E o
\ Olrve oil (control) He '\EPA .t DHA i +5: Treatment effect (P)*
(n—20) (n=19) ©(n=17) 0 {EPA . DHA
Cholesterol (mmol/L) o T e I L ST T T
"Baseline o 647+021 , 620020 7 U 6ABE 018 T U
Postmterventron B - :622+010 T 61610011 ©L634£011 0 o -006£015 - 0.11.£0.15°
B o L 4 Sy PR CL(NS) T ANS)
Trracylglycerols (mmol/L)¥ TR e s Wil - L L
" Baseline it C TR 612042009 0 w8 00, 2.0120.19 2.25+ 040, S P O T
Postrnterven'uon 019542010 o0 11:11.58%0,10 150+ 0.11 © —03710.14 . =045£0.15
e KUY e B -(0.012) - ..(0.003) ..
' LDLcholesterol (mrnol/L) Debeaet Dina o et T T BRI : R PR NIRRT
- Baseline .. L 4412019 4, L. 4283019 . ,427+o17‘ L I S
Post1ntervent1on Lo A3TE009 . 4463010 o 4641010 015013 .. .. . 034%£0.14
ST L SRR ;o - TS T8
LDLpartrcIesrze(nrn) T o S L Coen
“Baseline T f‘“2568:t014) U 25644009 2569001 X DR R RN
: Postrnterventron "28. 72+oos"f C 2569005 2596006 0 0.03+0.07 £ 0.25 £0.08'
: Gt SR e T gy £ (0.002) *
HDLcholesterol(mmol/L) R R A TR RAETR S
. Baseline *: CLI12£007. o L00E0.04 i 0.96E 0,04 L p b Db
Postmtervennon 1.02£0.027" - 099+002 Gl 1053002 .. +0.03£0.03 0.03 £0.03-
Gt i e L ' . (NS) ~(NS).
HDL cholesterol (mmol/L) ST Ny LAy TS L e , - : - . o
_Baseline, ... . o 0. 0334£005 r‘0251002 : 024003 o o fsiadinny
( Postrnterventron o 0265002 10274002 033+002 . . . .0001+002 .. 0.07%002
HDL3cholesterol(mmol/L) A SR ST e S e R R
* Baseline '’ G 0804003 T 0744003 T 024003 1 i Tl s e
Postmterventlon L6 0,017 0722002 < 0720020 T T =0.05£0.02- T —0.042002
{ U T e LIPS Pt i T 0(0.032) 0 e U(NSY
Glucose(mmol/L) i e e [EE IR R R e S I A Gl
: Baseline . , ¢ 49540120 1015034009 SOSISH 03 L L
_ Postintervention , - ~5.03£008. 5242008 © 508+ 0.09 021+0.11 0.05+0.12,
: ‘ . (0.062) (NS) ¢
Insuhn(pmol/L) o e D L o T
‘Baseline . . 979124 0 L 8.78+083 9.59 +0.99 e
‘,Postmtervention" o ~“,,;’s.76>_ro.5_1 T ‘10.341»’0.52 11.38 £ 0.55 1.58 £0.73 2.62 '+“‘o74'
- 8 i ©(0.035) (0.001)",

Xt SEM. There were no s1gn1ﬁcant d1fferences between the 3 groups at basehne (by one-way ANOVA) Postrntervennon Values ‘were not ad]usted ,

EPA ercosapentaen01c acrd DHA, docosahexaenorc acid.

A general 11near model was used to assess treatment effects on postmterventron values adjusted for baselrne values Data represent the change and ‘
P values for each of the 2 treatment groups relatrve to the olrve oil group -

‘,..

HDL cholesterol (r 0 62 P < 0 0001) concentratrons The
change :in LDL particle:size from baseline to postmterventron -
was . inversely' correlated with -the change . in triacylglycerols
(r=—0.35, P = 0.009) and positively correlated with the change
in' HDL cholesterol (r = 0.28, P = 0.035). In regression analysis;
DHA supplementation remained the strongest independent pre--
dictor.of postintervention LDL particle size (adjusted R = 0.776;
P =0.002) after ad]ustment for baseline values and for the change
in LDL particle size (adjusted R* = 0.216, P = 0.023). DHA sup-
plementation remained significant in regression models which
included changes in serum tnacylglycerols and other l1p1ds '

Glucose and msulm \ o S O
At baseline there were no; srgmfrcant drfferences between
groups in fasting serum glucose or insulin concentration (Table 2).
Postintervention, however, .there were: significantly - different
responses between the EPA and DHA groups (Figure 6). Olive .

oil - did  not: change : either - fasting' glucose :or- insulin.- After
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adjustment for. baseline -values, there was a - trend - toward
increased fastmg glucose concentrations with EPA (P 0.062),
but not with DHA (NS), relative to the control | group. Both EPA
and DHA ‘significantly increased. fasting insulin, by 18%
(P.=0.035) and 27% (P = 0.001), respectively, DHA supple-
mentation also srgnlflcantly decreased the glucose msuhn rat1o
by013+005(P 0018) : cel s b

DISCUSSION .‘ ’ ‘ o ¥

- This study. addressed whether puufred EPA and DHA have
different effects on serum lrprds and hpoproterns, LDL partrcle
size, glucose, and msulm in mildly hyperlipidemic men. We
found that DHA, but not EPA, improved serum:lipid status, in
partlcular a small increase in HDL cholesterol and a significant
increase in the HDLZ-cholesterol subfraction, without adverse
effects. on fastlng glucose: concentrations. Neither EPA nor
DHA . affected total: cholesterol and both fatty acids reduced

G
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TABLE3 ..o

Total energy and macronutrient 1ntakes at baselme and changes dunng the

EFFECTS OF EPA AND DHA ON LIPIDS, GLUCOSE, AND INSULIN

intervention in the 3 groups’

Olive oil (control) EPA - .'DHA
L (n = 20) (n=19) (n=17)
Total energy intake (kJ/d) , o L
- Baseline 10441 £588 - 9516+ 677 10550+ 588 -
i - Change . : o —471 2497 82+844 —188%421
Total fat (% of energy) 1 S
. Baseline " ' 342112 30.9 i’lﬁ.6 326116
* Change , 1S04:13 | 28%16 (2312
Fatty acids (% of energy) L e ST o
Saturated fat: : ot Co -
Baseline © 136108 12.1+£09 . 13.6209
Change . *00+06 . 1209  08%10
© Monounsaturated fat : , .
Baseline 122+£0.6 11.1+0.8 11.5+07
- Change -0.2x0.6 1408 . 0.3£0.6
Polyunsaturated fat : . o
Basehne 50£03 42+03 46102
Change . 0.0+£04 02404 09+0.5
Protein (% of energy) S
“ Baseline i C0018.0405 2 19.8+0.9 18.1£0.6
Chame~ 77T Lo g 09508 01207
Carbohydrate (% ofenergy) Lo e e
Baselin¢ 42121777 46%17 418+ 1.8
 Change L 19416  ~10+15 . —12+14
Flber(g/d) S
" Bascline 308+29 " 274+18 26111
Change -33£23 ° =28%21 1 =01%17

Ix + SEM. Baseline measures were compared by one- -way ANOVA. A

general linear model was used to test for treatment effects on postinterven-

tlon values adjusted for baseline’ value. There were no significant differ-

ences befween the groups in‘any of the dietary nutrients at baseline and no

significant changes during: the 1ntervent10n EPA elcosapentaenow aCld
DHA docosahexaenoxc acrd SRR : : TR

1089

-triacylglycerols and increased fasting insulin concentrations to
a similar extent. DHA supplementatlon s1gn1f1cantly increased
LDL cholesterol; however, this was associated with an increase
in. LDL particle ‘size,: which may represent a sh1ft to a less
atherogenic LDL partlcle e f; :

,,,,,

fatty acids-on serum lipids, glucose, and insulin (1—5 20—22)
few have assessed the independent effects of EPA and DHA. ‘In
vitro, both EPA (13, 33=35) and DHA (13, 35, 36) 1nh1b1t tri-
“acylglycerol:synthesis and secretion. In rats, EPA lowered tri-
acylglycerols, whereas DHA lowered cholesterol (10, 14, 15).

~ These studies, however, used very ‘high doses (1-2'g* kg"1 d 1) ‘
of fatty acids, equalling 12-24 g/d in humans.

‘In humans, n—3 fatty acids reduce triacylglycerols (4 5 37),
with more variable effects on total cholesterol, LDL cholesterol
and HDL cholesterol (4, 5). These contradictory findings may be
explained, in part, by variations in the amount of n—3 fatty acids
consumed, the manner in which they are presented (fish, fish oils,
or purified oils); and the lipoprotein phenotype of the patients.
Our own studies have shown that the background dietary fat
intake influences serum 11p1d responses to n—3 fatty acids (37).
;W,Trralsm humans using mixtures enriched in EPA and( DHA

have suggested different effects of the 2 fatty acids on serum
s-lipids (38,:39).'In a placebo-controlled study, 4 'g EPA/d reduced
triacylglycerols by 35% (40). It was also shown in a single-blind
‘crossoverstudy “that EPA: reduced' triacylglycerols and ‘'VLDL
* cholesterol, increased LDL cholesterol and HDL: cholesterol, but

“' had no effect on total cholesterol (16); DHA 'did not affect cho-

lesterol, triacylglycerols, VLDL cholesterol, LDL cholesterol, or
HDL cholesterol, but increased the HDL,-cholesterol subfrac-
tion: and - reduced the :HDL,-cholesterol: subfraction (16).: That
stﬁdy, however, had only:a small number of subjects in the DHA
group, was short in duration; and 1ncluded only a 2 wk washout
perlod between treatments (16) T g

‘Oliveoil" ' '

g 4A'Plasmakphiosbhoylipidjatiy ‘a‘eias(%;)}

; Treatment effect Py

NS;/’/',

+0.001 :

<00001

, <0.0001 -

R PO RSO

10,0001, <o.’ooo1' S

70,0001

= NS

-70.010 - .

N
R

f:‘<o.ooo1 NS

16 0 16 n=7 118 :0 . 18 1n—9 18 2n—6 20: 3n—6 20 4n—6 20 5n—3 22 4n—6 22 5n 3 22 6n—3
“FIGURE 1. Mean (G SEM) changes in plasma phosphohpld fatty acids from basehne to the end of the 1ntervent1on in the olive orl (control n= 20),
elcosapentaenmc acid (EPA:' #'=19), and docosahexaenoic acid (DHA n=17) groups ‘ANOVA was used to assess treatment effects. Slgmﬁcantly

different from the olive oil group, P <0.01. "Srgmﬁcantly dlfferent from the EPA group, ‘P <0.01; AV S TRyl e B

\,/
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FIGURE 2 Mean (+ SEM) changes in platelet phosphohpld fatty amds from basehne to the end of the mterventlon in the olive oil (control n 20), ‘
eicosapentaenoic acid (EPA; n = 19), and docosahexaenoic acid (DHA; n = 17) groups. ANOVA was used to assess treatment effects. Slgmﬁcantly

different from the olive oil group, P.<0,01. TS1gn1ﬁcantly dtfferent from the EPA group, P <0, 01
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- Several reports have: described the. effects of DHA' supple-

ments on serum lipids in humans: Nelson' et al (17), in a single-

blind study of healthy men, compared the effects of 6.g DHA/d
with those of a control diet. They.reported that after 90 d total
cholesterol, LDL cholesterol, apo A-I, apo B, and lipoprotein(a)

were unehanged, whereas triacylglycerols decreased and’ HDL*
cholesterol “increased.” Similarly; in - patients " with - combined ~ -

hyperhpldemla Davidson et al (18) compared the effects of 1.25
and 2.5 g DHA/d with those of a vegetable -oil control and
showed that DHA reduced trlacylglycerols sxgmﬁcantly The
hlgher dose of, DHA was also assoc1ated w1th a 51gmﬁcant
increase in LDL cholesterol. ‘

In another “study, -healthy, nonsmokmg men were supple-
mented daily with 4 g EPA, DHA, or corn oil for 7 wk (19). Both
EPA' and DHA reduced triacylglycerols, by 21% and 26%,
respectively. In the present study, the same dose of EPA and
DHA for 6 wk reduced triacylglycerols by 18% and 20%, respec-
t1ve1y We observed no significant effect of EPA or DHA on total’

cholesterol. In contrast, Grimsgaard et al (19) reported increased
total cholesterol with EPA. The difference in results between the .

2 studies may have been due to differences in the baseline serum
lipid concentrations of the subjects. ot

It ‘has been suggested: that serum HDL cholesterol is better
maintained with DHA-enriched' than with- EPA-enriched oils
(38). The present data and preyious findings (19) support this

.hypothesis. We observed that the-increase in: HDL cholesterol”
was due to a 29% increase in HDL2 cholesterol. Increased HDLZ\. o
cholesterol was reported previously by our group after daily con-"
sumption of fish or fish oils by subjects with type 2 diabetes or _ ‘
o with .an. increased risk of coronary . artery. disease (47) and an
(19) surmised that both EPA and DHA increase:HDL, choles- .

at. risk of heart disease (23, 37). In contrast, Grlmsgaard et .al
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terol because both fatty ac1ds 1ncreased the ratio of HDL choles-
terol to.apo A-L. DHA increased HDL cholesterol and EPA
decreased ‘apo-Al, suggesting: an’ increased surface-to- core
ratio of the HDL particle and a redistribution of the HDL sub-
classes toward the larger HDL, particles (41). The mechanisms

' by which DHA increases HDL cholesterol are not known, but

may-be related to alterations in lipid transfer protein activity,
which decreases after n—3 fatty acid supplementation (41). In

~epidemiologic terms, the'i increase in HDL, cholesterol could -

have a marked effect on the incidence of cardxovascular dis-

ease, given that HDL, cholesterol may be the subfractlon of -

HDL cholesterol that may be most protective agalnst coronary
heart disease (42). ‘

- Although the LDL- cholesterol concentration mcreased after
EPA and 'DHA -intakes, the increase was 51gn1ﬁcant only after
DHA. The increased LDL-cholesterol concentration may relate
to the hypotrlglycendemlc effects of these fatty acids (43). n—3

~Fats reduce hepatic VLDL‘synthesis, VLDL secretion, ‘or both

with the result that the smaller VLDL particles formed are more
readily converted to- LDL than are the larger VLDL particles
(44). Smaller VLDL particles can also compete with LDL for
uptake by LDL receptors. A down-regulation of the LDL Tecep- .

© tor has been reported in some but not all studies (43)..

LDL particle size increased significantly with: DHA supple-
mentation, a result that might be expected ‘to contribute.to a

“» reduction in atherogemc risk. Ours is the first report showing a

’spec1ﬁc effect of DHA on LDL particle size, although others have

"t shown increased LDL particle size after n—3 fatty acid supple-

mentation (45, 46). Small, dense LDL particles are associated

©v increase ‘in plasma- triacylglycerol . concentrations - (48). Both
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FIGURE 3 Mean (:l: SEM) changes in serum total cholesterol, LDL‘
cholesterol and trracylglycerols from baseline to the ‘end of the inter-
vention in the ohve oil (control; n = 20) ercosapentaenmc acid (EPA;
n=19), and docosahexaenmc acid (DHA; n = 17) groups. A general lin-
car model was-used to assess treatment effects on postmterventlon val-

ues adjusted for baseline values. - TSlgmﬁcantly drfferent from the olive:

oil group 4P<005 TP<001

triacylglyfcerols and HDL cholesterol are major deternrinants of
LDL' particle size (49), partly because the exchange of tri-

acylglycerols from VLDL for cholesterol ester in LDL, which is
mediated by cholesteryl ester transfer, protem (CETP) It is pos-

sible that as serum trracylglycerols decrease after n—3 fatty acid.

supplementanon fewer trlacylglycerols are’ transferred ‘to' LDL
by CETP, reducmg the. formation’ of trlacyglycerol enrrched
LDL, ‘which minimizes the opportumty for hpoprotern hpase to
convert large LDL partlcles to small LDL partlcles This hypoth-
esis is supported by reports of reduced, CETP activity after n—3
fatty acid supplementatlon (41)4 Given the similarity. in'triacyl-

\/
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egcerol lowerlng by-EPA and DHA our results-may be related
to a more pronounced effect of DHA on CETP act1v1ty
Olive oil supplementat10n did not alter plasma or platelet phos—

‘phohpld oleic acid and other fatty acrd concentrations; therefore,

itsuse as a placebo was Justrﬁed ). Supplementation ‘with EPA
increased plasma and platelet. phosphohpld EPA and DPA con-

~ centrations, whereas the concentration of DHA was decreased.

These ﬁndmgs can be explained by the 1nh1b1tory effect of EPA on
AS- desaturase which converts DPA to DHA (50), and conﬁrm
results of previous studies that humans do not ‘'synthesize DHA
from EPA unless, perhaps the EPA concentratlon is hlgh 19).

[

AHDL cholesterol (mm‘ole‘L)‘;* o

Ohve 0|I

_ AHDL, cho'lyes‘terol (mmollL) " :

* AHDLg cholesterol (mmoliL) -

0I|ve 0|I

FIGURE 4 Mean (+SEM) changes in serum HDL HDLZ, and
HDL3 cholesterol from basehne to the end of the 1ntervent10n in the
olive ‘oil (control n= 20) elcosapentaenmc acrd (EPA n= 19), and
docosahexaenmc acid (DHA n= 17) groups. A general linear model
was used to assess treatment effects on postrnterventron values adJusted
for baseline values. - TSrgmﬁcantly dlfferent from the ollve oil group:

" 'P<0.05,7P <0.01.: pocnwdn il s ung SO0 ]
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'ALDL particle size (nm) . -

Olive oil .~ EPA DHA

FIGURE 5. Mean (£ SEM) changes in LDL particle size from base-
line to the end of the intervention in the olive oil (control n =20), eicos-
apentaenmc acid (EPA; n =19), and docosahexaenmc acid' (DHA;
n = 17) groups. ANOVA was used to assess treatment effects on postin-
tervention values adjusted for baseline values. Slgmﬁcantly drfferent
from the olive oil group, P < 0.01. .

i

The aecurnulation of DPA may representv'a tenrporary storfaige‘ site
for surplus EPA. DHA supplementation 1ncreased plasma and

platelet DHA, and to a lesser extent EPA, in phosphohplds sug-

gesting retroconvers1on “of DHA to EPA These findings agree -
with those of previous reports (17, 19) that’ suggest that =9% of -

dietary DHA is retroconverted to EPA (5,1)._’,I_nt‘erest1ngly, DPA
decreased with DHA supplementation, suggesting that the
increase in EPA is not caused solely by retroconversion, but also
by decreased elongation of EPA. The reduced n—6 and n—9 fatty
‘acids observed in the present study and in other studies (17 19)
support an inhibitory role of EPA and DHA on A%, “AS-and A%-
desaturase enzymes (52), respectively. These' ﬁndmgs also indi-
cate select1v1ty of EPA and DHA 1ncorporat10n into plasma and
cellular ‘membrane lipid stores (17). ;
The benefits of n—3 fatty acids have to be welghed agamst

the potent1a1 for impaired. glucose - tolerance, - particularly  in

patients with’type 2. diabetes. (20-22),. although no adverse
effect has been seen in healthy volunteers or in hypertensive
(25) or. dyshprdemrc patients (24). ‘We showed in patients with
type 2 diabetes. that; under. carefully. controlied dietary condi-
tions, n—3 fatty acids can lead to a déterioration in glycemic
control (23). This effect, however was prevented by a moder-
“ate exercise program. -

Both EPA and DHA: supplementatron 1ncreased fastlng
insulin, but only EPA increased fasting glucose. ‘Thesé results
are consistent with a differential effect of EPA and DHA on
glucove responses in humans. In contrast, lower doses of EPA
(900.and 1800 mg/d) did not change fasting plasma glucose or
glycated hemo globm concentrations in patlents w1th type 2 dia-
betes (53, 54).

Mechanisms underlyrng the putatlve adverse effects of n-—3
fatty. acids on: glycemic control include.an increase'in hepatic
glucose output, whrch may be related to an elevated flux of glu-
coneogemc precursors to the hver 1ncreased plasma glucagon
‘concentratrons changes in hepatlc 1nsulm or glucagon sensitiv-
~1ty, or decreased 1nsulrn secretron rates (20—22) The mecha-

nisms responsxble for the increase in fastmg glucose after EPA
but not after DHA supplementatron are.not known, but may be

‘because EPA increases hepatrc glucose productlon or decreases
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. hepatic 1nsulm secretion moré.than does DHA. Further studies

are requrred to resolve these issues.

In summary, this study showed differential effects of EPA and
DHA on serum lipids, plasma and platelet fatty acids, and fasting -
glucose concentranons in mildly hypercholesterolemrc but other-
wise healthy men. We showed retroconversion of DHA to EPA, but
not elongation of EPA to DHA. Both EPA and DHA decreased tri-
acylglycerols and increased fasting insulin. Only DHA 1ncreased
HDL cholesterol, particularly the HDL, subfraction, Despite an -
increase in LDL cholesterol after DHA supplementatlon LDL par-
ticle size increased—a finding that may be favorable. Furthermore,
EPA but not DHA increased fasting glucose concentrations. -

‘These findings may help clarify which of the n=3 fatty acids
is responsible for the protective mechanisms of dietary n—3 fats
on cardiovascular disease. They suggest that, despite an increase
in LDL cholesterol after DHA supplementation,  the. increased
LDL part1cle size may represent a shift to less atherogemc parti-
cles, in which case the parallel increase in HDL, cholesterol and
decrease in triacylglycerol may represent a more favorable lipid

roﬁle than that seen after EPA supplementatron

We acknowledge Danny Bao, Lynette McCahon and Ken Robertson for

" fechnical assistance; Jessie Prestage for nursing assistance; Nardia Ward for

dietary counselmg, and George Draglcevrc for techmcal assrstance with
LDL pamcle sizing.
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FIGURE 6 Mean (+ SEM) changes in, fastmg serum glucose and ‘
insulin from baselme to the end.of the mterventron in the olive oil
(control n'=20), elcosapentacnow acid (EPA; n= 19), and docosa-
hexaenoic acid (DHA n= 17) groups. A’ general linear model was used
to ‘assess treatment ‘effects on- postintervention values’ adjusted for

“baseline values. * *Srgmflcantly different from the ohve oil group *P

<0.05,TP<0.01, 3P =0.062. 1.0 Tl e e Do
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Effects of Purified Eicosapentaenoic Acid Ethyl Ester on Plasma
Lipoproteins in Primary Hypercholesterolemia

Shuichi Nozaxi, Yuji Matsuzawa, Ken-ichi Hirano, Naohiko Saxar, Masaharu Kugo,

Seiichiro Tarul

The Second Department of Internal Medicine, Osaka University Medical School, Fukushima, Fuskushima-ku,

Osaka 553, Japan

Summary: We investigated the effects of puri-
Jied eicosapentaenoic acid (ERA) ethyl ester
capsules (90% purity), which are free from
cholesterol, saturated fatty acids and docosa-
hexaenoic acid (DHA), on plasma lipoproteins
and cholesteryl ester transfer protein (CETP)
activity. We administered 2.7 g of EPA per day
as capsules for 6 months to 14 primary hyper-
cholesterolfemic subjects. Total cholesterol,
triglyceride and low density lipoprotein (LDL)-
cholesterol levels in plasma were significantly
reduced. The LDL cholesterol/apoB ratio and
LDL particle size did not change. The ratio of
high density lipoprotein (HDL)2/HDL3 choi-
esterol increased from 1.04 to 135 (p<0.05),
while the HDL cholesterol level did not change.
CETP activity was significantly reduced. The
reduction of CETP activity may explain the in-
crease in the HDL2/HDL3 cholesterol ratio.
These results suggest that purified EPA not
only reduces LDL cholesterol levels but also
acts on HDL metabolism in patients with
hypercholesterolemia and therefore will be use-
Sul for the treatment of hypercholesterolemia.

Abbreviations used: Cholesteryl ester transfer protein,
CETP; docosahexaenoic acid, DHA; eicosapentaenoic
acid, EPA; low density lipoprotein, LDL; high density
lipoprotein, HDL,; hepatic triglyceride lipase, HTGL; very
low density lipoprotein, VLDI..

1
'

Eicosapentaenoic acid
Hypercholesterolemia
Cholesteryl esler transfer protein
Low density lipoprotein

High density lipoprotein

i g T ———

Introduction \ ‘ t

1

Since it has been suggested {1] that high content
of eicosapentaenoic acid (EPA) in diet is linked
to low incidence of coronary heart disease it
Greenland Eskimos, many studies reported that
EPA has a variety of beneficial effects protect-
ing against atherosclerotic disease [2-8). The ¥
effect of EPA on plasma lipoproteins has been!!
studied [9] since lipoprotein abnormalities are
an important factor in the development of
atherosclerosis.

In previous studies, fish oil has been used
since purified EPA has not been available
These studies have confirmed the reduction of
serum triglyceride and very low density
lipoprotein (VLDL) concentrations by fish oil
[9, 10]. There is still controversy concerning the
effects of fish oil on low density lipoprotein
(LDL) and high density lipoprotein (HDL);
cholesterol levels [9]. Fish oil conventiosiaily
used contains at most 25% EPA in addition t¢
various amount of other fatty acids including
docosahexaenoic acid (DHA) and cholesterol
[2].

The insufficient purity of fish oil may be one¢ ‘l
of the reasons for inconsistent data about the
effects of fish oil on LDL and HDL cholesterol
levels. Furthermore, it is suggested that EPA
and DHA have different properties against
lipoprotein metabolism [11]. In our previous
study, we reported the effect of a capsule con-
taining 80% pure EPA on platelet and plasma
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llipids, showing a substantial reduction in total
i plasma cholesterol level [12]. However even this
‘capsule still contained much DHA and we
could not differentiate the effects of EPA and
_DHA.

This report describes the effect of purified
EPA ethylester, recently developed in Japan, on
concentrations and composition of plasma
lipoproteins in primary hypercholesterolemia.

Materials and Methods

Subjects: Fourteen patients (11 females and 3 males) with
primary hypercholesterolemia were studied as outpatients.
The patients were selected from the Lipid Clinic of Osaka
University Medical School. Familial hypercholesterolemia
was excluded, We further excluded patients with diabetes
mellitus, renal disease, and liver disease. Their ages ranged
from 36 to 65 years old (mean+SD, 55+8.8 years). Their
body mass indexes averaged 22.9:+2.2 kg/m?. Patients did
not take any medicine affecting lipid metabolism for at least
2months before the start of this study. Eight of the patients
had type 11a hyperlipidemia and 6 of them had type IIb.
Their mean total cholesterol levels and triglyceride levels
were 277+ 30 and 165425 mg/d] respectively. The mean
HDL cholesterol level was 5213 mg/dl.

Study protecol: The subjects were insiructed to take 20%
fat diet on the entry of this study. It was confirmed that
their serum lipids levels were plateau at least for 2 months
before the onset of treatment with EPA ethyl ester. They
were also instructed to maintain this diet throughout the
study. The subjects took 2.7 g of EPA ethyl ester daily for
6 months. The encapsulated EPA ethyl ester was provided
by Mochida Pharmaceutical Company. The EPA used in
this study was purified from sardine oil. Each capsule con-
tained over 90% EPA ethyl ester. The content of DHA
(C22:6) was less than 1% and no cholestercl was present.
This EPA capsule contains 0.2% vitamin E to inhibit
peroxidization in capsule and in vivo. Yenous blood sam-
ples were obtained before and during the study period. All
patients gave informed consent to participate in the investi-
gation.

Lipoprotein analyses: Venous blood was drawn in a glass
tube with EDTA 3.5 mM (final concentration) from patients
after overnight fasting. Total cholesterol and triglycerides
weremeasured by an enzymatic method (Kyowa Medex Co.,
Tokyo, Japan). HDL cholesterol was measured by the hepa-
rin manganese precipitation method {13]. Total protein was
measured in the LDL fraction [14]; it was assumed to consist
entirely of apoB100. Very low density lipoprotein (VLDL,
d<L006 g/ml), intermediate density lipoprotein (IDL,
L006<d<1.019 g/ml), low density lipoprotein (LDL,
1.019<d < 1.063 g/ml), high density lipoprotein 2 (HDL2,
1.063,d < 1.125 g/ml) and high density lipoprotein 3 (HDL3,

1.125 <d g/ml) were separated by sequential preparative
ultracentrifugation accerding to the method of Havel [15]
as we previously reported [16). LDL size was estimated
using 2-16% polyacrylamide gradient gel electrophoresis
according to the method of Krauss [17]. Size was deter-
mined by scanning each lane with a densitometer and conr=—
paring this value to a standardized curve of compounds of
known size as we previously reported [18]. Cholesteryl ester
transfer protein (CETP) activity was measured by ALBERS’
method [19] as we previously reported [20]. Briefly, the
activity in the patient’s plasma is assayed by examining the
transfer of carbon-14 cholesteryl ester from HDL3 to
VLDL and LDL. The CETP activity was expressed as the
percentage of donor cholesteryl ester transferred to LDL.

Fatty acids analyses: Total plasma fatty acids were extracted
with chloroform methanol solution (2/1v/v). The fatty
acids were analyzed as their methyl esters by gas chromato-
graphy using Yokogawa Hewlett Packard HP-5731 before
and 6 months after EPA administration. Plasma fatty acids
composition was calculated as percentage of total mass.

Plasma peroxide analysis: Plasma peroxide levels were
measured before and after 6 months of EPA treatment by
using Determiner LPO kit (Kyowa Medex Co., Tokyo,
Japan), which depends on the method of OmusHr and Yact
et al [21].

Statistical analysis: The significance of differences between
mean values was determined by paired t-test.

Results

EPA concentrations of serum fatty acids are in-
creased in all subjects (data non shown) and the
mean plasma EPA concentration of 14 subjects
was significantly increased from 2.8% to 9.7%
after EPA administration as shown in Table I.

The change of plasma levels of total
cholesterol, triglyceride and HDL cholesterol
before and after EPA administration are shown
in 'Table IL. Total cholesterol levels were signifi-
cantly reduced by 10%. The triglyceride levels
were also significantly decreased by 16%. The
HDL cholesterol levels did not significantly
change.

Lipoprotein fractionation was done before
and after EPA administration (Tab. III). Mean
VLDL trigtyceride levels decreased by 18%. The
levels of IDL cholesterol and triglyceride were
not changed. A significant reduction in LDL
cholesterol was noted {p<0.05). The LDL
apolipoprotein {apo) B100 levels were signifi-
cantly reduced (p < 0.05). The LDL cholesterol
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Toble I Changes of serum fatty acids compositions after
EPA administration

Before After EPA

C 14:0 1.15£0.39 1.01£0.36
C 16:0 24.9 x2.42 23.7 +2.74
C 16:1 n-7 4,17+ 1.06 3.60+1.35
C 18:0 5.35+0.46 5.90+0.64%+
C 18:1 n-9 20.3 +£2.05 18.2 £2.82**
C 18:2 n-6 30.0 +4.09 25.3 +4.30**
C 18:3 n-3 0.88+0.36 0.84£0.36
C 20:0 0.11x0.06 0.13+£0.04
C 20:1 n-9 0.16+0.06 0.16+0.05
C 20:2 n-6 0.18+0.04 0.13£0.02**
C 20:3 n-9 0.79+0.26 0.51£0.16**
C 20:4 n-6 4.68+1.10 4,96+1.01

C 22:0 0.08:0.06 0.12+0.07
C 20:5 n-3 2.88+1.47 9.75£3,13**
C 22:5 n-3 0.50+0.14 1.36£0.37**
C 22:6 n-3 3.86+£0.90 4.26+1.06

Each value shows percent of total fatty acids and presented
as mean+SD.

*: p<0.05, **: p<0.01, Significantly different from before
EPA administration

Tabie II: Effects of EPA administration on plasma lipids
Before

277+ 30
165+ 25
52x13

Values are presented as mean+SD
* Significantly different from before EPA administration
at p<0.05 (student’s t-test; paired)

After EPA administration

249 £ 28* {-10%)
139£27* (-16%)
50x12

Total chelesterol mg/dl
Triglyceride mg/dl
HDL-cholesterol mg/dl

Table III: Changes of lipid levels, ratio of high density
lipoprotein subfractions and CETP activities before and
after EPA administration

Alter

25.4
87.0
11.8
9.8
156.2
4.0
122.5
28.8
21.9

Before

VLDLCH (mg/dl) 29.8
TG {mg/dl) 106.5

IDL CH {mgsdl) 10.8
TG (mgAl) 9.3

LDL CH (mg/dl) 185.4
TG (mg/dl) 37.6

apoB (mg/dl) 142.2 +£27.9
HDL2CH (mg/dl) 25.2 x11.2
HDL3 CH (mg/dl) 26.1 & 6.9
HDL2-CH/
HDL3-CH

CETP activity (%)

p value

ns
<0.05
ns
ns
<0.01
ns
<0.05
ns
ns

*14.2
+42.6
+ 7.9
+* 5.7
+49.5
+10.5

+18.1
+45.0
+ 8.3
* 6.3
+43.2
+13.0
+27.9
+IL.5
+ 4.4

1.04+ 0.6
29.0 £ 6.3

1.35+ 0.53 <0.05
24.2 1 55 <0.05

—~-¥alues are presented as mean+SD.

Abbreviations: CH, cholesterol; TG, triglyceride; CETP,
cholesteryl ester transfer protein activity; ns, not significant

to apo B ratio did not change (1.2+0.11 vi.
1.19+0.18, before and after treatment of EPA,
respectively. There was no statistically signifi-
cant relationship between the increase of EPA
concentration and the decrease of LDL,
cholesterol level.

There was an increase in HDL2 cholesterol
(from 25.2+11.2 mg/dl to 28.8+11.5) and de-
crease in HDL3 cholesterol (from 26.1 + 6.9 mg/
d! to 21.9x4.4), although the changes did not
reach statistical significance. There was a sig-
nificant increase in the HDL2/HDL3
cholesterol ratio (from 1.04+0.6 to 1.35+0.53,
p<0.05).

LDL fractions were analyzed by 2-16% PAG
gradient electrophoresis. EPA treatment did
not cause any change in the electrophoretic
mobility of LDL before (267A +8.1) and during
EPA (268A +8.8), suggesting the size of LDL
particles had not changed.,

CETP activities were significantly decreased
from 29.0+6.3% to 24.2+5.5%, p<0.05,
(Tab. III).

The weight percent chemical compositions of
LDL before and after EPA administration is
shown in Figure 1. No statistically significant
changes could be observed.

There was no significant increase of plasma
peroxide level before and after 6 months of EPA
treatment (mean+3D:; 1.2+0.24 to 1.1+0.31
nmol/ml, before and after).

50

N : before FC ! free chalesterdl
. CE ! cholestaral ester
S era PL * phosphelpid
TG ! trigiyearida
PR : prateh

Figure I: Chemical compositions of LDL before and after
EPA administration.
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i

Discussion

| We demonstrated that purified EPA reduced
f plasma LDL cholestercl levels in primary
i hypercholesterolemic patients.

It has been confirmed that n-3 fatty acids

" consistently reduce serum triglyceride levels [9,

10}. However, the results from the various
, #udies regarding the effect of n-3 fatty acids
on serum cholesterol levels have been inconsis-
| tent 191. The inconsistency of the results among
the reports concerning the effect of fish oil on
LDL levels might be, in part, relative to the fact
that the subjects with different LDL composi-
tion show different responses to fish oil [22].
Fish oil had been used as a preparation contain-
ingmuch n-3 fatty acids since purified EPA had
not been available. While, fish oil contains
much cholesterol and fatty acids other than
EPA. It also contains much DHA, another
major n-3 fatty acid. Furthermore, the quality
of fish oil is different in each study. This hetero-
geneity of fish oil used in those studies may be
another cause of the inconsistency of the results
regarding the effect of fish oil on LDL levels.
We previously reported the reduction of LDL
cholesterol by administration of the capsules
which contain 80% EPA, but as this capsule
also contained much DHA, we could not
ascribe this effect to EPA alone [12].

In the present study, EPA itself reduced
YLDL and LDL levels and the reduction in
LDL cholesterol levels was associated with the
reduction in apo BI0O levels. The cholesterol/
apo B100 ratio of LDL did not change. These
results suggest that the number of LDL parti-
cles is reduced by EPA treatment,

The present study also demonstrated that
EPA treatment resulted in the increase of
HDL2/HDL3 cholesterol ratio. We also meas-
ured CETP activity as an important factor in
HDL and LDL metabolism and found a reduc-
tion in CETP activity. This finding is well in
accordance with the recent observations made
in a study where fish oil was used as a supple-
ment [23]. Patients with absent or markedly
reduced CETP activities have increased HDL
cholestero}, mainly associated with HDL2
cholestero] [24]. Patients with heterozygous
CETP deficiency have CETP levels between

those of normal persons and those with
homozygous deficiency and also have an in-
creased HDL2/HDL3-cholesterol ratio [20],
indicating that even a partial reduction in

CETP activity is associated with changes in dis—™"

tribution of HDL subfractions. Lipoprotein
lipase (LPL) and hepatic triglyceride lipase
(HTGL) are well known to play an important
role in HDL metabolism. We and other re-
searchers [25, 26] reported no change of LPL
and HTGL activity in either hypertriglyceride-
mia or normolipidemia using fish oil, suggest-
ing LPL and HTGL might not be responsible
for the increase in the HDL2/HDL3 cholesterol
ratio. As these studies were done using fish oil,
further study of the effect of pure EPA on LPL
and HTGL will be needed. Increased catabol-
ism of VLDL particles due to a change in
VLDL composition may also be related to the
increase of the HDL2/HDL3 cholesterol ratio
[27, 28]. In the patients studied, there was an
increase in TG content and a decrease in the CE
content of LDL although these changes did not
reach statistical significance, The reduction of
CETP activity may explain, in part, the change
of LDL. composition since LDL from CETP
deficient patients is TG rich and CE poor as we
reported [29]. There is, recently, much concern
about feeding large amounts of highly unsatu-
rated fatty acids such as EPA because this may
increase the risk of lipid peroxidation. In order
to reduce the problem of excess peroxidation in
vivo, the capsule used in this study contains
0.2% vitamin E. This amount of vitamin E did
not produce any increase of peroxide at least
for 1 year in the capsule. Further, as studied in
this study, the plasma peroxide levels were not
increased. From these observations, we believe
this EPA capsule is safe for use even for rela-
tively long period, 6 months.

Regarding to the study design, although this
study was not placebo-controlled study, their
serum lipids levels were confirmed to be plateau
before the entry (data not shown) and their
good compliance to the EPA capsule adminis-
tration was ascertained by the increase of
plasma EPA levels (Tab. III). These observa-
tions suggest that the results obtained in this
study was due to the effect of EPA administra-
tion.
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In conclusion, the reduction in LDL chol-

esterol level and the change in HDL subfrac-
tions by EPA will provide clinical benefits and
pure EPA capsules will be useful in the treat-
ment of primary non-familial hyperchol-
esterolemia.
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Purified Eicosapentaenoic Acid Reduces
Small Dense LDL, Remnant Lipoprotein
Particles, and C-Reactive Protein in
Metabolic Syndrome
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Kazuuiko KOTANI, MD, PHD
INAOKI SAKANE, MD, PHD
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TAKAYOSHI SUGANAMI, MD, PHD>
Hipesm Kuzuya, MD, PHD
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icosapentaenoic acid (EPA), one rep-

resentative of n-3 unsaturated fauy

acids (n-3 PUFAs), is clinically used
for its lipid-lowering effects (1). n-3
PUFAs were shown to exert various phys-
iological functions such as antiplatelet ac-
tions {by antagonizing effects of
arachidonic acid) and plaque stabilization
(2,3). Several epidemioclogical studies
have explored antiatherogenic and car-
dioprotective effects of n-3 PUFA that are
abundantly contained in fish oil (4). Dys-
lipidemia accompanying the metabolic
syndrome is often associated with ele-
vated levels of remnant lipoprotein parti-
cles and small dense LDL (sdL.DL), which
are newly recognized risk factors for car-
diovascular disease (CVD) (5). It was re-
ported that fish oil improved lipoprotein
subclass profiles in subjects with an
atherogenic lipoprotein phenotype (6).
Besides FPA, docosahexaenoic acid and
cholesterol are present in fish oil (7}, but
it is not clear whether purified EPA inde-
pendently affects lipoprotein subclass
profiles. Therefore, we used purified EPA
ethyl ester and examined effects of EPA on
atherogenic sdLDL particles and remnant
lipoprotein particles in the metabolic syn-

- drome, a precursor of CVD. Furthermore,

sdLDL has been reported to synergisti-
cally interact with inflammation in patho-
physiologic processes leading to CVD (8).
Therefore, we simultaneously measured
effects of EPA on C-reactive protein
(CRP), a marker of inflammation, and ex-
amined how alteration of lipoprotein pro-
files by EPA affects systemic

inflammaticn.

RESEARCH DESIGN AND

METHODS — A 1otal of 44 Japanese
obese type 2 diabetic patients were re-
cruited in our clinics (Table 1). All pa-
tients satisfied the definition and
diagnostic criteria of the metabolic syn-
drome proposed by the National Meta-
bolic Syndrome Criteria Study Group of
Japan in 2005 (9). Accordingly, an indi-
vidual is diagnosed with metabolic syn-
drome if he or she has central adiposity
plus two or more of the following three
factors: 1) raised concentration of triglyc-
erides (2150 mg/dl) or reduced concen-
tration of HDL cholesterol (<40 mg/dl);
2) raised blood pressure: systolic blood
pressure (=130 mmHg) or diastolic
blood pressure (=85 mmHg) or treat-

From the 'Clinical Research Institute for Endoctine Metabolic Diseases, Naticnal Hospital Organization,
Kyoto Medical Center, Kyote, Japan; the *Diabetes Center, National Hospital Organization, Kyoto Medical
Center, Kyoto, Japan; the *Department of Molecular Medicine and Metabolism, Medical Research Institute,
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ment of previously diagnosed hyperten-
sion; and 3) raised fasting plasma glucose
concentration (=110 mg/dD). The thresh-
olds for waist circumference to define
central adiposity were =85 c¢m for men
and =90 cm for women. The study pro-
tocol was approved by the ethical com-
mittee on human research of the Kyoto
Medical Center, and all participants gave
written informed consent. Patients were
assigned to one of the following treatment
groups (a single-blind and a run-in period
randomization, which patients received):
1) treated for 3 menths with either diet
alone (the control group) (8 men and 14
women; mean * SE age 51.6 % 3.2 years}
or 2) diet plus EPA (1.8 g daily) (the EPA
group) (8 men and 14 women; mean age
51.6 = 2 8 years). The subjectsin the EPA
group received an EPA capsule containing
highly purified (>>98%) EPA ethyl ester.
Patient’s diets are based on the Japan Ath-
erosclerosis Society Guidelines for Diag-
nosis and Treatment of Atherosclerotic
Cardiovascular Diseases, consisting of 25
keal/kg of ideal body weight per day (60%
of total energy as carbohydrates, 15-20%
as protein, and 20-25% as fat with the
ratio of polyunsaturated, monounsatu-
rated, and saturated fatty acids being 3:4:
3). Lipid-lowering medications such as
statins and fibrates were excluded.

At the beginning and at the end of the
study, we measured BMI, serum levels of
EPA and arachidonic acid, and glycolipid
parameters according to standard proce-
dures. Remnant lipoprotein particle
(RLP) cholesterol and RLP triglycerides
were measured using an assay kit (Japan
Immunoresearch Laboratories, Takasaki,
Japan) (10). Plasma cholesteryl ester
transfer protein (CETP) activity was mea-
sured using an assay kit (BioVision,
Mountain View, CA) (11). LDL choles-
terol subfractions were separated using
the Quantimetrix Lipoprotein LDL sys-
tem (12). According to the specific sub-
fractions of LDL cholesterol obtained by
this system {LDL3-7:sdLDL), the sdLDL
proportion was defined as the percentage
of sdLDL over the whole amount of LDL
(13). Plasma level of CRP was measured
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Table 1—Baseline characteristics and effects of EPA on metabolic parameters, lipoprotein profiles, and CRP

Control EPA

Before 3 months Before 3 months
EMI (kg/mz) 292 091 201 £ 062 31.0% 1,22 308+ 1.26
EPA (pg/ml) 792 + 178 046 * 11.6* 772x115 125 * 12.3%%
Arachidonic acid (pg/ml} 145 +12.1 148 + 8.08 165 = 7.34 152 £ 9.72¢
EPA/arachidonic acid 052 *0.10 0.44 = 0.08* 0.48 = 0.07 088 = 0.11t%
FPG (mmol/1) 6.88 > 047 7.16 £ 0.62 6.16 = 0.57 600052
AlC (%) 6.57 = 0.25 6.47 £ 0.26 6.11 = 0.20 602 024
Insulin concentration (pmol/1) 101 =145 100 £ 120 104 £ 23.1 954 +15.1
Total cholesterol (mmol/l) 538 +0.21 5.30 £ 0.24 546 *0.19 515 * 016
LDL cholesterol (mmol/) 3.18*0.16 2.97 *0.19 344 +0.15 3.18+0.15
HDL cholesterol (mmel/1) 1.46 * 0.07 L2801 142 £ 0.08 1.39 * 0.07
Triglyceride (mmol/) 1.89 +0.19 162 £0.21 193+ 0.20 157011
RLP cholesterol (mmois} 0.19 = 0.02 0.16 £ 0.03 019 *0.02 0.15* 001
RLP uriglyceride (mmol/1) 044 = 006 0.38 £ 0.16 043 = 0.09 0.26 = 0.02*§
CETP activity (nmol -ml ™' -h™!) 203 + 147 202 * 2.26 205 = 3.05 200 + 1.75*
sdLDL (mmol/1) 0.26 * 0.08 0.23 *0.08 023004 0.18 = 0.04t
sdLDL proportion (%) 7.33:4:2.18 6.82 *+2.36 6.78 + 128 5.51 * 1.09%
CRP (mg/dl) 0.11 £ 0.03 0.10x 003 0.22 £008 008 +0.02%

Data are means = SE. *P <0 0.05, 1P < 0.01 vs. before determined by two-tailed, paired ( test. P << 0.01, 8P <0 0.05 vs. control determined by Student’s t test. FPG,

fasting plasma glucose.

by the latex-enhanced assay using the
patticle-enhanced technology performed
on the Behring BN nephelometer (Dade
Behring, Marburg, Germany) (14). Data
are presented as mean * SE, and P < 0.05
was considered statistically significant.
Repeated-measures ANOVA (control and
EPA groups X before and after treatment)
was used to access the comparative effects
of EPA treatment on the measured vari-
ables. A two-tailed, paired ¢ test was ap-
plied for the evaluation of changes from
baseline conditions to those at 3 months.
Comparisons of the means between the
two groups at baseline or posttreatment
were performed by Student’s t test. All sta-
tistical analyses were performed using the
Stat View program version 5.0 for Win-
dows (SAS Institute, Cary, NC).

RESULTS — There were no significant
differences between the control and EPA
groups forall measured variables at baseline
{Table 1). Treatment with EPA significantly
increased EPA and EPA/arachidonic acid
levels, while it decreased arachidonic acid
levels compared with baseline levels (P <
0.01). Differences of EPA and EPA/
arachidonic acid levels at 3 month were ob-
served between the control and EPA groups
(P < 0.01). EPA also caused significant
overall effects on RLP triglyceride, CETP ac-
tivity, sdLDL, and the proportion of sd1.DL
and CRP by repeated-measures ANOVA.
There were also significant reductions in
values compared with baseline by paired t

test, despite no changes in BMI, fasting
plasma glucose, A1C, insulin concentra-
tion, and HDL cholesterol in both groups.
Significant reductions of total cholesteral,
LDL cholesterol, triglycerides, and RLP cho-
lesterol in the EPA group was observed (P =
0.035, 0.004, 0.047, and 0.035, respec-
tively} by two-tailed, paired ¢ test, although
there were no significant overall effects on
those parameters by repeated-measures
ANOVA. Increases in EPA/arachidonic acid
for 3 months inversely correlated with de-
creases in RLP cholesterol, sdLDL, and CRP
for 3 months (P = 0.0379, 0.0479, and
0.0467, respectively). Furthermore, reduc-
tion in CRP with EPA treatment for 3
months showed a significant positive corre-
lation with reductions in RLP cholesterol
and sdLDL for 3 months (P = 0.0075 and
0.0142, respectively).

CONCLUSIONS — This study is the
first to demonstrate that EPA significantly
reduces serum sdLDL and CRP in the
metabolic syndrome. Reduction of sdLDL
by EPA treatment in this study is believed
to be due to a suppression of triglycerides
preduction in the liver by EPA. In addi-
tion, since CETP is an important enzyme
in cholesterol metabolism—responsible
for the transfer of cholesteryl esters from
HDL 10 LDLs (11)—degradation of CETP
activity by EPA treatment may also have
contributed to the decrease in the gener-
ation of remnants and sdLDL. Further-
more, we detected that reductions in RLP

cholesterol and sdLDL also correlated
with a decrease in CRP by EPA, which was
consistent with a previous report (8)
showing that LDL particle size had a
strong inverse association with CRP.
Atherogenic sdLDL particles are suscepti-
ble to oxidative modifications; then, oxi-
dized LDL is easily taken into macrophages
through damaged endothelial cells, thereby
inducing inflammation and early athero-
sclerotic lesions (5,15). On the other hand,
CRP has also been shown to accelerate 1.DL.
modifications duting inflammatory pro-
cesses (8). These findings suggest that EPA
may be capable of preventing the progres-
sion of atherosclerosis in the metabolic
syndrome by suppressing reciprocal in-
teractions of atherogenic lipoproteins and
inflammation. There are several reports
demonstrating that n-3 PUFA does not
decrease CETP protein mass and CRP
(16,17). This may be caused by the differ-
erces outlined in the research designs and
methads of each report.

Recently, the Japan EPA Lipid Inter-
vention Study reported that EPA pro-
vided further benefits in preventing major
coronary events without changing reduc-
tions in LDL cholesterol levels (18). Con-
sidering the improvements in lipoprotein
profiles by EPA in this study, EPA may
exert cardioprotective effects not by
changing the quantity but by improving
the quality of LDL chaolesterol.

Collectively, the present study is the
first to demonstrate that purified EPA re-
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duces sdLDL, remnants, and CRP,
thereby potentially leading to the reduc-
tion in development of atherosclerosis
and CVD in the metabolic syndrome.
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550  |w g |a Endocrine glands |[x Diseases
550  |a Diabetic acidosis

550  |a Glycosylated hemoglobin

680 |i Here are entered works on diabetes in general as well as works specifically on
insulin-dependent diabetes.

906 [t 8822 |u fk03 |v 1
953 |a xx00 |b ff04
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MARC Display (Library of Congress Authorities) https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi? AuthRecID=4761859...

>> Go to Library of Congress Online
Catalog

45 LIBRARY OF CONGRESS AUTHORITIES &

The Library has opened access to the reading rooms by appointment only. More. The Jefferson Building has
reopened to visitors via timed, ticketed entry. More.

New Search | Headings Start
Search History List Over
Next »
[ MARC Display ) Labelled Display )

The Library of Congress

LC control no.: sh 85112401
LCCN Permalink: https://Iccn.loc.gov/sh85112401
HEADING: Rehabilitation
000 00960cz a2200169n 450
001 4761859
005 20110729115839.0
008 860211i| anannbabn |a ana
010  |ash 85112401
035 |a (DLC)sh 85112401
035 |a (DLC)275268
040 |a DLC |¢ DLC |d DLC
150  |a Rehabilitation

360 [i subdivision |a Rehabilitation |i under classes of persons and ethnic groups; and
subdivision |a Patients--Rehabilitation i under individual diseases, e.g. |a Cancer--
Patients--Rehabilitation

680 |i Here are entered general works on the means and methods used to improve or
restore an individual’s impaired ability to lead a normal life. Works on the physical,
medical, psychiatric, educational or vocational methods of rehabilitating specific groups
of persons are entered under specific headings, with subdivision |a Rehabilitation, [i e.g.
|a People with disabilities--Rehabilitation; Criminals--Rehabilitation.

906 [t 0146 [u te04 [v 0
953 |a xx00 |b ta21

Next »

’ Save, Print or Email Records (View Help)
‘Select Download Format: [Text (Labelled Display) v J [ Press to SAVE or PRINTJ

Email Text (Labelled Display) to:
| | Press to SEND EMAIL |

Help - Search - Search History - Headings List - Start Over
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The Long-Term Effect of Eicosapentaenoic Acid on Serum Levels of
Lipoprotein (a) and Lipids in Patients with Vascular Disease

Koji Shinozaki, Jun-ichi Kambayashi, Tomio Kawasaki, Yoshio Uemura, Masato Sakon,
Eiichi Shiba, Takashi Shibuya, Takashi Nakamura, and Takesada Mori

Department of Surgery IL Osaka University Medical School, Osaka, Japan.

The effects of elcosapentaenoic acld (EPA) on serum lipoproteln (a) (Lp(a)) and other lipid levels
in patients with vascular disease were examined. The serum levels of Lp(a), total cholesterol
(TC), triglyceride (TG), low-denslty lipoprotein (LDL) and very-low-denstty lipoprotein (VLDL) were
measured in 24 patients with vascular disease. An elevated serum Lp(a) level (39+22 mg/di)
was noted in 9 patients, elevated total cholesterol level (263+ 31 mg/dI) in 12 patients, elevated
triglyceride level (24098 mg/dl) in 10 patients and elevated LDL level (651+88 mg/dl) In 6
patients before administration of EPA. EPA (1,800 mg/day) was given to these patients for long
periods ranging from 6 to 24 months. The serum levels of Lp(a), TC, TG and LDL were lowered
significantly (p<0.05) after EPA administration for 12 and 18 months, for 6, 12,18 and 24 months,
for 18 months and for 12 and 18 months, respectively. These findings indicated that long-term
administration of EPA may lower Lp(a) and serum l[ipids, which Is beneficlal for patients with
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various arterial diseases in terms of preventing progression of the disease.

Thromb, 1996 ; 2 : 107-109.

J Atheroscler

Key words: Atherosclerosis, Oral Administration, Total cholesterol, Triglyceride

Eicosapentaenoic acid (EPA) has been suggested to
prevent arterial thrombosis and development of athero-
sclerosis by altering lipid metabolism in addition to its known
antiplatelet effect (1). Lipoprotein (a) (Lp(@)), described by
Berg in 1983, is a variant of low-density lipoprotein (LDL),
which has been reported to be comelated with an increased
risk of atherosclerotic vascular disease (2). A high concen-
tration of Lp(a) in plasma has been reported to be an in-
dependent risk factor for acute myocardial Infarction and to
" be increased in patients with peripheral vascular diseases (3).
Some studies have suggested that the Lp(a) level is under
tight genetic control and is not influenced by diet (4).
However, nicotinic acid and stanozolol have been reported to
lower the Lp (a) level (5, 6).

We examined whether the long-term administration of
EPA influenced the serum levels of Lp (a) and other lipids in
patients with vascular disease. In this study, the serum

Address for corresponding: Jun-ichi Kambayashi, Depart-
ment of Surgery ll, Osaka University Medical School, 2-2
Yamada-Oka, Suita, Osaka 565, Japan.

Recelved December 16, 1994.

Accepted for publication March 22, 1995,
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levels of Lp (a), total cholesterol (TC), triglyceride (TG), low-
density lipoprotein (LDL) and very-low-density lipoprotein
(VLDL) were measured in patients with arteriosclerosis oblit-
erans (ASO), Buerger's disease (TAO) and abdominal aortic
aneurysm (AAA) before and after administration of EPA.

Methods

The subjects were 24 patients with vascular disease who
visited our clinic from February 1991 to March 1992. The 24
patients were comprised of 21 men and 3 women aged 38-
75 years. Sixteen patients with ASO, 6 patients with TAO
and 2 patients with AAA received oral administration of 1,800
mg/day of EPA (Epadel, Mochida Pharmaceutical Co.,
Tokyo, Japan). Informed consent was obtained from all
patients before administration of EPA. The serum levels of
Lp(a) and varlous lipid parameters including TC, TG, LDL and
VLDL were measured before and 6,12,18 and 24 months
after the administration of EPA. Blood samples were
obtained under strict fasting and serum was obtained by
centrifugation of the blood at 1,200xg for Smin. The
determination of Lp(a) was performed in the Biochemical
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Laboratory (Sumitomo Metal Bio-Science, Inc, Tokyo,
Japan) by enzyme immunoassay (7). A Tint Elisa Lp(a)
determination kit (Biopool AB, Umea, Sweden) was used.
The principle of the ELISA Is based on the sandwich tech-
nique in which two monoclonal antibodies react with differ-
ent antigenic detemminations on the apo(a) molecule. Blood
Lp{a) level was diagnosed as elevated when detemmined to
be above 20 mg/dl. Measurement of LDL and VLDL was
performed by turbidometric assay using sodium heparin.
The values of blood lipid levels were diagnosed as elevated
when TC, TG, LDL and VLDL were above 221,151, 571 and
410, respectively. Statistical analysis was performed using
the paired Wilcoxon test to compare pre- and post-treat-
ment values. '

Results

Of the 24 patients studied, an elevated serum Lp{a) level of
more than 20 mg/dl (39122 mg/dl) was noted in 9 patients
(7 in ASO, 1in TAO and 1 in AAA), elevated TC level of more
than 220 mg/dl (26331 mg/dl) in 12 patients (9 in ASO and
3 in TAO), elevated TG level of more than 150 mg/d! (240+
88 mg/dl) in 10 patiénts (7 in ASO, 2 in TAO and 1 in AAA)
and elevated LDL level of more than 570 mg/dl (651+88
mg/dl) in 6 patients (5 in ASO, 1 in TAO) before administra-
tion of EPA. The levels of VLDL were within the normal limit
in all patients, EPA (1,800 mg/day) was given to these
patients for 24 months and the data from these patients were
analyzed. The serum level of Lp{a) in the patients with
elevated Lp(a) levels before EPA administration were lowered
significantly (p<0.05) after administration for 12 and 18
months. The levels of Lp(a) in patients in which it was
initially normal did not change significantly (Fig.1). The

LP(a) (mg/dl)

Months

Fig.1. Effects of administration of EPA on serum Lp(a)
levels. Serum level of Lp (a8) was measured during EPA
treatment. Patients with pretreatment serum levels
higher than the normal range (closed circles), and those
with nomal pretreatment serum levels (open circles).
Each value is the mean+SE. Asterisks denote signifi-
cant differences (p<0.05) from the pretreatment values.
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serum level of TC in patients with elevated TC level was
lowered significantly after administration of EPA for 6, 12,18
and 24 months (Fig.2). The TG level in patients in which it
was elevated before administration was lowered significantly
after EPA administration for 18 months (Fig.3). In the
patients with an elevated LDL level before treatment, the
LDL level was lowered after administration of EPA for 12 and
18 months (Fig. 4). In all patients in the present study, no
marked side effects such as liver dysfunction were seen
after long-term administration of EPA.
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Fig. 2. Effects of administration of EPA on serum total
cholestero! (TC) levels. Serum level of TC was measured
during EPA treatment.  Patients with pretreatment serum
levels higher than the nomal range (closed circles), and
those with normal pretreatment serum levels (open cir-
cles). Asterisks denote significant differences (p<0.05):
from the pretreatment values. '
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Fig. 3. Effects of administration of EPA on serum total
triglyceride (TG) levels. Serum level of TG was measured
during EPA treatment. Patients with pretreatment serum
levels higher than the normal range (closed circles), and
those with normal pretreatment serum levels (open cir-
cles). Asterisks denote significant differences (p<0.05)
from the pretreatment values.
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Fig.4. Effects of administration of EPA on serum low-
density lipoprotein (LDL) levels. Serum level of LDL was
measured during EPA treatment. Patients with pretreat-
ment serum levels higher than the normal range (closed
circles), and those with normal pretreatment serum levels
(open circles). Asterisks denote significant differences
(p<0.05) from the pretreatment values.

Discussion

Lp(a) has been assumed to be an additional risk factor for
atherosclerotic diseases (8). Therefore, reduction of the
serum concentration of Lp(@) would be of great clinical
interest. Recently, the effects of several drugs to reduce
the effect of Lp{a) have been studied. Carison et al. report-
ed the pronounced Lp(a)-lowering effect of nicotinic acid in
hyperlipidemic subjects (5). Vessby et al. studied the effects
of cholestyramine (9) and Schmidt et al. investigated the
effects of n-3 polyunsaturated fatty acids on Lp(a) (10). In
this latter study, patients were given n-3 polyunsaturated
fatty acids including EPA and DHA for 6 or 12 weeks, but no
effect on Lp(a) was observed. In the present study, cap-
sules containing 100% pure eicosapentaenoic acid were
used. When analyzing the data, patients were divided into
two groups according to the Lp(a) level before EPA adminis-
tration. The level of Lp(a) in patients with a high level before
administration decreased after 12 and 18 months of EPA
administration. The mechanism of synthesis and degrada-
tion of Lp(a) is not clear at present, and there is no good
explanation for the observed effect of EPA. Since Lp(a)
contains an LDL component (apo-B) linked to apo(a) by a
single disulfide bridge (11), the significant reduction of LDL
after administration for 12 and 18 months is of interest.
Intake of EPA might reduce hepatic synthesis of low-density
lipoproteins and decrease the production of Lp{a) in the liver.
We also studied the changes in the levels of TC, TG and
LDL. The serum levels of TC, TG and LDL In the patients in
which these levels were high before treatment were lowered
significantly after administration of EPA for 6,12,18 and 24
months, for 18 months and for 12 and 18 months, respectively.
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Harris et al. reported that intake of n-3 fatty acids produced
persistent reductions in TG levels, but not in TC or LDL levels -
(12), and Gries et al. reported that n-3 fatty acids could
reduce the TG level after 6 months of treatment (13). The
effect of EPA on TG in the present study was compatible
with the results of these previous studies. However, the
long-term effects of administration of highly purified EPA for
more than 1year have not been reported. The present
study showed that the long-term administration of EPA
reduced not only the Lp(a) level, but also the serum levels of
TC, TG and LDL.

In conclusion, these findings indicate that long-term
administration of EPA may lower the levels of Lp(a) and
serum lipids such as triglyceride and LDL, and that this
treatment is safe and benseficial for patients with various
arterial diseases in terms of preventing progression of the
disease. :
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U.S. National Library of Medicine

Atherosclerosis MeSH Descriptor Data 2021

Details Qualifiers MeSH Tree Structures Concepts

MeSH Heading

Atherosclerosis

Tree Number(s)

C14.907.137.126.307

Unique ID

D050197

RDF Unique Identifier
http://id.nlm.nih.gov/mesh/D050197

Scope Note

A thickening and loss of elasticity of the walls of ARTERIES that occurs with formation of ATHEROSCLEROTIC PLAQUES
within the ARTERIAL INTIMA.

Entry Term(s)

Atherogenesis

NLM Classification #

WG 550

Previous Indexing

Arteriosclerosis (1965-2005)

See Also

Chylomicron Remnants

Plaque, Atherosclerotic

Public MeSH Note

2006; see ARTERIOSCLEROSIS 1963-2005
History Note

2006; use ARTERIOSCLEROSIS 1963-2005
Date Established

2006/01/01

Date of Entry

2005/06/30

Revision Date

2010/06/25
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U.S. National Library of Medicine

Thrombosis MesH Descriptor Data 2021

Details Qualifiers MeSH Tree Structures Concepts

MeSH Heading

Thrombosis

Tree Number(s)

C14.907.355.830

Unique ID

D013927

RDF Unique Identifier

http://id.nlm.nih.gov/mesh/D013927

Annotation

general; prefer specifics; mural thrombus: if in the heart wall, coordinate IM with HEART DISEASES (IM); if in the wall of a
blood vessel, coordinate IM with specific blood vessel (IM) or precoordinated blood vessel disease term (IM)
Scope Note

Formation and development of a thrombus or blood clot in the blood vessel.
Entry Term(s)

Blood Clot

Thrombus

See Also

Blood Coagulation

Thrombectomy

Date Established

1966/01/01

Date of Entry

1999/01/01

Revision Date

2016/05/31
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MARC Display (Library of Congress Authorities) https://authorities.loc.gov/cgi-bin/Pwebrecon.cgi? AuthRecID=4783744...
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Effects of eicosapentaenoic acid on major coronary events in
hypercholesterolaemic patients (JELIS): a randomised open-
label, blinded endpoint analysis

MitsuhiroYokeyama, Hideki Origasa, Masunori Matsuzaki, Yuji Matsuzawa, Yasushi Saito, Yuichi Ishikawa, Shinichi Oikawa, jun Sasaki,
Hitoshi Hishida, Hiroshige Itakura, Toru Kita, Akira Kitabatake, Noriaki Nakaya, Toshiie Sakata, Kazuyuki Shimada, Kunio Shirato, for the
Japan EPA lipid intervention study (JELIS} Investigators

Summary
Background Epidemiological and clinical evidence suggests that an increased intake of long-chain n-3 fatty acids
protects against mortality from coronary artery disease. We aimed to test the hypothesis that long-term use of
eicosapentaenoic acid (EPA) is effective for prevention of major coronary events in hypercholesterolaemic patients in
Japan who consume a large amount of fish.

Methods 18645 patients with a total cholesterol of 6-5 mmol/L or greater were recruited from local physicians
throughout Japan between 1996 and 1999. Patients were randomly assigned to receive either 1800 mg of EPA daily
with statin (EPA group; n=9326) or statin only (controls; n=9319) with a 5-year follow-up. The primary endpoint was
any major coronary event, including sudden cardiac death, fatal and non-fatal myocardial infarction, and other non-
fatal events including unstable angina pectoris, angioplasty, stenting, or coronary artery bypass grafting. Analysis was
by intention-to-treat. The study was registered at clinicaltrials.gov, number NCT00231738.

Findings At mean follow-up of 4-6 years, we detected the primary endpoint in 262 (2-8%) patients in the EPA group
and 324 (3-5%) in controls—a 19% relative reduction in major coronary events (p=0-011). Post-treatment LDL
cholesterol concentrations decreased 25%, from 4.7 mmol/L in both groups. Serum LDL cholesterol was not a
significant factor in a reduction of risk for major coronary events. Unstable angina and non-fatal coronary events were
also significantly reduced in the EPA group. Sudden cardiac death and coronary death did not differ between groups.
In patients with a history of coronary artery disease who were given EPA treatment, major coronary events were
reduced by 19% (secondary prevention subgroup: 158 [8-7%)] in the EPA group vs 197 [10-7%] in the contrel group;
p=0-048). In patients with no history of coronary artery disease, EPA treatment reduced major coronary events by
18%, but this finding was not significant (104 [1-4%] in the EPA group vs 127 [1-7%)] in the conirol group; p=G-132).

Interpretation EPA is a promising treatment for prevention of major coronary events, and especially non-fatal coronary
events, in Japanese hypercholesterolaemic patients.

by Japan’s Ministry of Health, Labour, and Welfare as a
treatment for hyperlipidaemia and peripheral artery
disease. The biological functions of EPA include
reduction of platelet aggregation,® vasodilation,"
antiproliferation,* plaque-stabilisation,” and reduction
in lipid action.” Therefore the preventive effects of
EPA on major cardiovascular events are of both clinical
interest and therapeutic importance.

Primary and secondary prevention trials have proved
that cholesterol-lowering treatment with inhibitors of
3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA)
reductase—statins—reduces the risk of all-cause
mortality and major cardiovascular events in patients
with a wide range of cholesterol concentrations, whether
or not they have had coronary artery disease.®* Thus,
statins are now established as the first-line treatment
for hyperlipidaemia.” Preliminary data for treatment
with a combination of n-3 polyunsaturated fatty acids
and statins have shown beneficial effects on the lipid
profiles of patients with a mixed type of hyper-
lipidaemia;** however, no major long-term inter-

Introduction
Epidemiological and clinical evidence suggests a
significant inverse association between long-term
intake of long-chain n-3 polyunsaturated fatty acids,
especially  eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), and mortality associated
with coronary artery disease.” Thus, the consumption
of fish or fish-oil could protect against major events
associated with coronary artery disease, especially fatal
myocardial infarction and sudden cardiac death. Two
large-scale secondary prevention trials, the Diet and
Reinfarction Trial and the Gruppo Italiano per lo Studio
della Sopravivenza nell’ Infarto Miocardico-Prevenzione
Trial, reported that increased consumption of fish or
fish-oil supplements reduced coronary death in
postinfarction patients.** No randomised trials have
examined the effects of n-3 polyunsaturated fatty acids
on major coronary events in a high-risk, primary
prevention population.

EPA ethyl ester, which is purified from n-3 poly-
unsaturated fatty acids present in fish oil, is approved
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