
Evidence Report/Technology Assessment 
Number 92  
 

 
Effects of Omega-3 Fatty Acids  
on Arrhythmogenic Mechanisms in Animal and 
Isolated Organ/Cell Culture Studies 

 
 
Prepared for:  
Agency for Healthcare Research and Quality 
U.S. Department of Health and Human Services 
540 Gaither Road 
Rockville, MD  20850 
www.ahrq.gov 
 
Contract No. 290-02-0022 
 
Prepared by : 
Tufts-New England Medical Center Evidence-based Practice Center 
Boston, Massachusetts 

 

Investigators 
 
Harmon Jordan, ScD, Project Leader 
Nirupa Matthan, PhD Co-Project Leader 
Mei Chung, MPH, Research Associate 
Ethan Balk, MD, MPH, Methodologist 
Priscilla Chew, MD, Research Associate 
Bruce Kupelnick, BA, Research Associate 
Deirdre DeVine, Mlitt, Project Manager 
Amy Lawrence, BA, Research Assistant 
Alice Lichtenstein, DSc, Primary Technical Expert 
Joseph Lau, MD, Principal Investigator 
 
      
 
 
 
AHRQ Publication No. 04-E011-2  
March 2004



 

 

 
This report may be used, in whole or in part, as the basis for development of clinical practice 
guidelines and other quality enhancement tools, or a basis for reimbursement and coverage 
policies.  AHRQ or U.S. Department of Health and Human Services endorsement of such 
derivative products may not be stated or implied. 
 
AHRQ is the lead Federal agency charged with supporting research designed to improve the 
quality of health care, reduce its cost, address patient safety and medical errors, and broaden access 
to essential services. AHRQ sponsors and conducts research that provides evidence-based 
information on health care outcomes; quality; and cost, use, and access. The information helps 
health care decisionmakers—patients and clinicians, health system leaders, and policymakers—
make more informed decisions and improve the quality of health care services. 



 ii 

This document is in the public domain and may be used and reprinted without permission except 
those copyrighted materials noted for which further reproduction is prohibited without the 
specific permission of copyright holders. 
 
 
Suggested Citation: 
Jordan H, Matthan N, Chung M, Balk E, Chew P, Kupelnick B, DeVine D, Lawrence A, 
Lichtenstein A, Lau J. Effects of Omega-3 Fatty Acids on Arrhythmogenic Mechanisms in 
Animal and Isolated Organ/Cell Culture Studies. Evidence Report/Technology Assessment No. 
92 (Prepared by Tufts-New England Medical Center Evidence-based Practice Center, under 
Contract No. 290-02-0022). AHRQ Publication No 04-E011-2.  Rockville, MD: Agency for 
Healthcare Research and Quality. March 2004 
 
 
 
 
 
 
 



 iii 
 

 

Preface 
 
 The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-Based 
Practice Centers (EPCs), sponsors the development of evidence reports and technology 
assessments to assist public- and private-sector organizations in their efforts to improve the 
quality of health care in the United States.  This report, Effects of Omega-3 Fatty Acids on 
Arrhythmogenic Mechanisms in Animal and Isolated Organ/Cell Culture Studies, was requested 
and funded by the Office of Dietary Supplements, National Institutes of Health.  The reports and 
assessments provide organizations with comprehensive, science-based information on common, 
costly medical conditions and new health care technologies.  The EPCs systematically review the 
relevant scientific literature on topics assigned to them by AHRQ and conduct additional 
analyses when appropriate prior to developing their reports and assessments. 
 To bring the broadest range of experts into the development of evidence reports and health 
technology assessments, AHRQ encourages the EPCs to form partnerships and enter into 
collaborations with other medical and research organiza tions.  The EPCs work with these partner 
organizations to ensure that the evidence reports and technology assessments they produce will 
become building blocks for health care quality improvement projects throughout the Nation.  The 
reports undergo peer review prior to their release.      
 AHRQ expects that the EPC evidence reports and technology assessments will inform 
individual health plans, providers, and purchasers as well as the health care system as a whole by 
providing important information to help improve health care quality. 
 We welcome written comments on this evidence report.  They may be sent to: Director, 
Center for Outcomes and Evidence, Agency for Healthcare Research and Quality, 540 Gaither 
Road, Rockville, MD 20850. 
 
 
Carolyn M. Clancy, M.D. 
Director 
Agency for Healthcare Research and Quality 
 
 
Paul Coates, Ph.D. 
Director, Office of Dietary Supplements 
National Institutes of Health 
 

 
 
 
 
 
 
 

 
The authors of this report are responsible for its content.  Statements in the report should 
not be construed as endorsement by the Agency for Healthcare Research and Quality or the 
U.S. Department of Health and Human Services of a particular drug, device, test, 
treatment, or other clinical service. 

Jean Slutsky, P.A., M.S.P.H. 
Acting Director, Center for Outcomes and 

Evidence 
Agency for Healthcare Research and Quality 
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Structured Abstract  
 
Context.  Epidemiological studies and clinical trials have reported beneficial effects of fish or 
fish oil consumption on cardiovascular disease outcomes including sudden death and  
arrhythmia. The mechanisms of this reported benefit are, however, unclear. 
 
Objectives.  As one component of a series of reports on the impact of omega-3 fatty acids on 
cardiovascular disease, we also performed a systematic review of the literature on whole animal 
and isolated organ and cell culture studies to assess the effects of omega-3 fatty acids on 
arrhythmogenic mechanisms and outcomes. 
 
Data Sources.  We searched Medline, Embase, Biological Abstracts, and Commonwealth 
Agricultural Bureau databases for potentially relevant English language studies. 
 
Study Selection.  We screened over 1,807 abstracts and retrieved 295 full text articles. Eighty-
six studies met our inclusion criteria and provided data to address the key questions in this 
report. We used comparative studies of whole animal, isolated organ and cells derived from 
omega-3 fatty acid-fed animals, and isolated organ and cell culture studies, in which the studies 
quantified the amount of omega-3 fatty acid in the intervention, to assess the effects of the 
interventions on arrhythmogenic mechanisms and outcomes.  
 
Data Extraction.  From each qualifying study, we extracted information about the study 
design, animal characteristics and model, the amount of omega-3 fatty acid used in the animal 
diet or in the experiments, the chemical agents used , the conditions under which the experiments 
were conducted, and outcomes. For whole animal studies, we extracted information about the 
randomization and blinding techniques to assess methodological quality. 
 
Data Synthesis.  Thirteen whole animal studies (rat models) were included in a meta-analysis 
that compared the anti-arrhythmic effects of ALA or fish oil to omega-6 oils. These meta-
analysis results showed that fish oil supplementation showed a significant risk reduction in the 
number of deaths, ventricular tachycardia (VT), and ventricular fibrillation (VF). The combined 
risk ratio (RR) for deaths was 0.48 (95% CI: 0.24-0.95). With fish oil supplementation, for VT 
the RR was 0.49 (95%CI 0.29-0.83), and 0.68 (95%CI 0.50-0.91), for ischemia and reperfusion-
induced arrhythmias, respectively. With fish oil supplementation, for VF, the RR was 0.21 
(95%CI 0.07-0.63), and 0.44 (95%CI 0.25-0.79), for ischemia and reperfusion- induced 
arrhythmias, respectively. There was no significant effect for ALA oil supplementation, 
however.  
 
There were twenty-one studies using isolated organs and cells from whole animals fed omega-3 
fatty acids that examined the following parameters: contractile, basoelectromechanical, ion 
pumps and ion movements, ion currents, and ion channels. Although seven of these studies 
evaluated the effect of omega-3 fatty acid enriched diets on contractile parameters, they each 
compared different diets and used different experimental conditions.  
 
Thirty-nine studies evaluated the effect of omega-3 fatty acids on isolated organ and cell 
cultures. Omega 3 fatty acids were applied either directly to the cell culture medium (free) or 
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incubated with the cells to allow incorporation into membrane phospholipids (bound). These 
studies examined parameters similar to the whole animal isolated organ and cell studies. Seven 
studies of arrhythmia  reported that omega- 3 fatty acids (predominantly EPA and DHA but in 
one instance ALA)  appeared to have a protective effect against spontaneous or induced 
arrhythmias in both rat and guinea pig models. Four of these studies, however, were from the 
same collaborative group. In the presence of various arrhythmogenic agents and across the 
different types of species studied, omega-3 fatty acids compared to controls were reported to 
consistently decrease contraction rate, thereby exerting a protective effect with respect to 
arrhythmia.  In studies without an arrhythmogenic agent, the results were inconsistent, with three 
showing a decrease in contractility and three showing no effect.  
 
Conclusions. Fish oil supplementation (EPA and/or DHA) might have anti-arrhythmic effects 
when compared with omega-6, monounsaturated, or saturated fatty-acids in pre-fed fish oil in 
studies of various animal species. Fish oil supplements in rats showed significant protective 
effects for ischemia- and reperfusion- induced arrhythmias by reducing the incidence of 
ventricular tachycardia and fibrillation but no beneficial effects for ALA supplementation were 
found. The arrhythmic effects for infused omega-3 fatty-acid treatments are still unknown. 

In studies using isolated organs and cells from animals fed omega-3 fatty acids and in studies 
using isolated organ and cell culture where fatty acids were directly applied to the culture 
medium, the question regarding plausible biochemical or physiological mechanisms to explain 
the potential antiarrhythmogenic effects of omega 3 fatty acids cannot be answered definitively 
at this time, despite some apparent trends. Due to numerous sub-parameters within each of the 
major electrogenesis areas (i.e. ion channels, ion currents, ion pumps and ion movement, 
contractility) studied , and a variety of experimental conditions, it is more difficult to draw a 
conclusion about the various parameters.  
 



 vii 

Contents 
 
  
Evidence Report 
 
Chapter 1.  Introduction.......................................................................................................3 
     Metabolism and Biological Effects of Essential Fatty Acids .........................................3 
     Metabolic Pathways of Omega-3 and Omega-6 Fatty Acids .........................................4 
     Overview of the Electrophysiology of the Heart............................................................7 
          Cardiac Electrophysiology.........................................................................................7 
          Arrhythmia.................................................................................................................8 
     Potential Impact of Omega-3 Fatty Acids on Arrhythmogenesis...................................8 
 
Chapter 2. Methods..............................................................................................................9 
     Overview.........................................................................................................................9 
     Analytic Framework of This Evidence Report...............................................................9 
     Literature Search Strategy ............................................................................................14 
     Study Selection.............................................................................................................14 
     Inclusion Criteria .........................................................................................................15 
     Data Extraction ............................................................................................................16 
     Format for Reporting Evidence ....................................................................................16 
     Methods of Analysis .....................................................................................................17 
     Diet Classification ........................................................................................................17 
     Data Presentation..........................................................................................................18 
Chapter 3.  Results .............................................................................................................19      
     Literature Search Overview..........................................................................................19 
     Whole Animal Studies ..................................................................................................19 
          Studies Comparing Pre-Fed Omega-3 PUFAs to Omega-6 PUFAs .......................20 
          Studies Comparing Pre-Fed Omega-3 Long-Chain PUFAs to Alpha- 
          Linolenic Acid .........................................................................................................24 
          Studies Comparing Pre-Fed Omega-3 PUFAs to MUFAs......................................25 
          Studies Comparing Pre-Fed Omega-3 PUFAs to Saturated Fatty Acids ................25 
          Studies Comparing Pre-Fed Omega-3 PUFAs to No Treatment Controls ..............27 
          Anti-Arrhythmic Effects of Free Omega-3 Fatty Acids ..........................................28 
     Whole Animal Isolated Organ and Cell Studies ...........................................................28 
          Contractile Parameters .............................................................................................29 
          Basoelectromechanical Parameters .........................................................................29 
          Ion Pumps and Ion Movement.................................................................................30 
          Ion Currents .............................................................................................................31 
          Ion Channels ............................................................................................................31 
     Isolated Organ and Cell Studies ...................................................................................32 
          Contractile and Arrhythmogenic Parameters...........................................................32 
          Basoelectromechanical Parameters .........................................................................34 
          Ion Pumps and Ion Movement.................................................................................36 
          Ion Currents .............................................................................................................38 
          Ion Channels ............................................................................................................39 



 viii 

Chapter 4.  Discussion.......................................................................................................40 
     Whole-Animal Studies..................................................................................................40 
          Study Quality...........................................................................................................42 
          Limitations and Future Research.............................................................................43 
     Whole-Animal/Isolated Organ and Cell Studies ..........................................................43 
          Contractile Parameters .............................................................................................43 
          Basoelectromechanical Parameters .........................................................................44 
          Ion Pumps and Ion Movement.................................................................................44 
          Ion Currents .............................................................................................................44 
          Ion Channels ............................................................................................................44 
          Summary of Areas for Future Research ..................................................................44 
     Isolated Organ and Cell Culture Studies ......................................................................45 
          Contractile Parameters and Arrhythmias .................................................................45 
          Basoelectromechanical Parameters .........................................................................47 
          Ion Pumps and Ion Movement.................................................................................48 
          Ion Currents .............................................................................................................48 
          Ion Channels ............................................................................................................49 
          Summary of Areas for Future Research ..................................................................49 
     Study Design and Analysis Issues: Isolated Organ and Cell Culture Studies ..............49 
          General Design Issues..............................................................................................49 
          Sub-Grouping Based on Multiple Interventions and End Points.............................49 
          In Vitro Models........................................................................................................52 
          Exposure Duration...................................................................................................52 
          Amount of Omega-3 Fatty Acid Used .....................................................................53 
          Comparison Group ...................................................................................................53 
          Experimental Condition or Agent............................................................................53 
          IC50 and EC50 Values ............................................................................................54 
          Conclusion...............................................................................................................54 
 
References and Included Studies with Bibliography.........................................................55 
 
Bibliography ......................................................................................................................61 
 
Listing of Excluded Studies ...............................................................................................67 
 
Acronyms, Abbreviations, and Parameters .......................................................................77 
 
Tables 
 
Table 4.1     Comparisons of Fish-Oil to Omega-6 Supplementation ...............................41 
Table 4.2     Minimum Group Sizes to Detect a 50% Reduction in Ventricular  
                    Fibrillation .....................................................................................................42 
Table 4.3     Areas for Future Research: Whole Animal and Isolated Organ and Cell  
                    Culture Studies...............................................................................................47 
Table 4.4     Areas for Future Research: Isolated Organ and Cell Culture Studies ...........51 
 



 ix 

Summary Tables 
 
Table 3.1     Summary of Study Design and Outcomes Evaluated in  
                    Whole-Animal Studies...................................................................................85 
Table 3.2     Summary of Study Design and Outcomes Evaluated in  
                    Whole-Animal/Isolated Organ and Cell Studies ...........................................86 
Table 3.3     Summary of Study Design and Outcomes Evaluated in  
                    Isolated Organ and Cell Studies ....................................................................87 
Table 3.4     Total Deaths in Ischemia-Reperfusion-Induced Arrhythmia:  
                    Comparison of Rats Fed Omega-3 Fatty Acids With Controls Fed  
                    Omega-6 PUFA Oils ......................................................................................88 
Table 3.5     Sensitivity Analysis on Total Deaths in Ischemia-Reperfusion-Induced 
                    Arrhythmia: Comparison of Rats Fed Omega-3 Fatty Acids With 
                    Controls Fed Omega-6 PUFA Oils ................................................................90 
Table 3.6     Total VF Deaths : Comparison of Monkeys Fed Tuna Fish oil With  
                    Controls Fed Sunflower-Seed Oil (Omega-6 PUFA) ....................................90 
Table 3.7     Ventricular Tachycardia in Ischemia-Induced Arrhythmias: Comparison 
                    of Rats Fed Omega-3 Fatty Acids With Controls Fed Omega-6  
                    PUFA Oils .....................................................................................................91 
Table 3.8     Ventricular Tachycardia in Reperfusion-Induced Arrhythmias: 
                    Comparison of Rats Fed Omega-3 Fatty Acids With Controls Fed  
                    Omega-6 PUFA Oils ......................................................................................93 
Table 3.9     Ventricular Fibrillation in Ischemia-Induced Arrhythmias: Comparison 
                    of Rats Fed Omega-3 Fatty Acids With Controls Fed Omega-6  
                    PUFA Oils .....................................................................................................95 
Table 3.10   Ventricular Fibrillation in Reperfusion-Induced Arrhythmias: 
                    Comparison of Rats Fed Omega-3 Fatty Acids With Controls Fed 
                    Omega-6 PUFA Oils ......................................................................................97 
Table 3.11   Ventricular Fibrillation in Induced Arrhythmia: Comparison of  
                    Monkeys Fed Tuna Fish oil With Controls Fed Sunflower-Seed  
                    Oil (Omega-6 PUFA) ....................................................................................99 
Table 3.12   Ventricular Premature Beats/Complex, Infarct Size, Arrhythmia Score  
                    and Length of Time in Normal Sinus Rhythm: Comparison of Rats Fed  
                    Omega-3 Fatty Acids With Controls Fed Omega-6 PUFA Oils .................100 
Table 3.13   Arrhythmic Effects in Studies Comparing Omega-3 Long-Chain  
                    PUFAs With a-Linolenic Acid ....................................................................101 
Table 3.14   Total Deaths in Ischemia-Reperfusion-Induced Arrhythmias:  
                    Comparison of Animals Fed Fish Oil (EPA+DHA) With Controls Fed  
                    Saturated Fats...............................................................................................102 
Table 3.15   Ventricular Tachycardia in Ischemia-Reperfusion-Induced  
                     Arrhythmias: Comparison of Animals Fed Fish Oil With Controls Fed  
                     Saturated Fats..............................................................................................102 
Table 3.16   Ventricular Fibrillation in Ischemia-Reperfusion-Induced  
                     Arrhythmias: Comparison of Animals Fed Fish Oil With Controls Fed  
                     Saturated Fats..............................................................................................102 
Table 3.17   Ventricular Premature Beats in Ischemia-Reperfusion-Induced  



 x 

                     Arrhythmias: Comparison of Animals Fed Fish Oil With Controls Fed  
                     Saturated Fats..............................................................................................103 
Table 3.18   Total Deaths in Induced Arrhythmias: Comparison of Dogs Fed EPA  
                     and/or DHA With No Treatment Controls .................................................103 
Table 3.19   Ventricular Premature Beats/Complex, Infarct Size, Arrhythmia  
                     Score and Areas Risk of Arrhythmias: Comparison of Dogs Fed EPA  
                     and/or DHA With No Treatment Controls .................................................103 
Table 3.20   Effects of Intravenously Infused Omega-3 Fatty Acids on 
                    Ischemia-Induced or Spontaneous Arrhythmias in Mongrel Dogs .............104 
Table 3.21   Effects of Omega-3 Fatty Acids on Contractile Parameters In  
                    Whole Animal Isolated Organ and Cell Studies (WA-IOC) Sorted  
                    by Diet and Conditions ................................................................................105 
Table 3.22   Effects of Omega-3 Fatty Acids on the Basoelectromechanical 
                    Parameters in WA-IOC................................................................................107 
Table 3.23   Effects of Omega-3 Fatty Acids on Ion Pumps and Ion Movement 
                    in Whole Animal Isolated Organ and Cell Studies Sorted by Species 
                    and Diet........................................................................................................108 
Table 3.24   Effects of Omega-3 Fatty Acids on Ion Currents in WA-IOC....................112 
Table 3.25   Effects of Omega-3 Fatty Acids on Ion Channels in WA-IOC...................113 
Table 3.26   Effects of Omega-3 Fatty Acids on Arrhythmogenic and Contractile  
                    Parameters in WA-IOC................................................................................114 
Table 3.27   Effects of Omega-3 Fatty Acids on Basoelectromechanical 
                    Parameters in WA-IOC................................................................................122 
Table 3.28   Effects of Omega-3 Fatty Acids on Ion Pumps and Ion Movement ...........125 
Table 3.29   Effects of Omega-3 Fatty Acids on Ion Currents ........................................133 
Table 3.30   Effects of Omega-3 Fatty Acids on Ion Channels .......................................138 
Table 3.31   Comparison of IC50 or EC50 Values ..........................................................139 
 
Figures 
 
Figure 1.1     Classical Omega-3 and Omega-6 Fatty Acid Synthesis Pathways and  
                     the Role of Omega-3 Fatty Acid in Regulating Health/Disease Markers ......6 
Figure 2.1     Analytic Framework for Animal Studies .....................................................11 
Figure 2.2     Analytic Framework for Intact Animal Isolated Organ and Cell Studies....12 
Figure 2.3     Analytic Framework for Cell Culture Studies..............................................13 
Figure 3.1     Total Deaths in Ischemia-Reperfusion-Induced Arrhythmia:  
                     Comparison of Rats, Fed, Alpha Linolenic Acid (ALA) With Controls  
                     Fed Omega-6 PUFA Oils ..............................................................................89 
Figure 3.2     Total Deaths in Ischemia-Reperfusion-Induced Arrhythmia:  
                     Comparison of Rats Fed Fish Oils With Controls Fed Omega-6 
                     PUFA Oils ....................................................................................................89 
Figure 3.3     Ventricular Tachycardia in Ischemia-Induced Arrhythmias:  
                     Comparison of Rats Fed Alpha Linolenic Acid (ALA) With Controls 
                     Fed Omega-6 PUFA Oils ..............................................................................92 
Figure 3.4     Ventricular Tachycardia in Ischemia-Induced Arrhythmias:  
                     Comparison of Rats Fed Fish Oils With Controls Fed Omega-6 



 xi 

                     PUFA Oils ....................................................................................................92 
Figure 3.5     Ventricular Tachycardia in Reperfusion- Induced Arrhythmias:  
                     Comparison of Rats Fed Alpha Linolenic Acid (ALA) With Controls 
                     Fed Omega-6 PUFA Oils ..............................................................................94 
Figure 3.6     Ventricular Tachycardia in Reperfusion-Induced Arrhythmias:  
                     Comparison of Rats Fed Fish Oils With Controls Fed Omega-6  
                     PUFA Oils ....................................................................................................94 
Figure 3.7     Ventricular Fibrillation in Ischemia-Induced Arrhythmias:  
                     Comparison of Rats Fed Alpha Linolenic Acid (ALA) With Controls 
                     Fed Omega-6 PUFA Oils ..............................................................................96 
Figure 3.8     Ventricular Fibrillation in Ischemia-Induced Arrhythmias:  
                     Comparison of Rats Fed Fish Oils With Controls Fed Omega-6 
                     PUFA Oils ....................................................................................................96 
Figure 3.9    Ventricular Fibrillation in Reperfusion- Induced Arrhythmias:  
                     Comparison of Rats Fed Alpha Linolenic Acid (ALA) With Controls 
                     Fed Omega-6 PUFA Oils ..............................................................................98 
Figure 3.10   Ventricular Fibrillation in Reperfusion-Induced Arrhythmias:  
                     Comparison of Rats Fed Fish Oils With Controls Fed Omega-6  
                     PUFA Oils ....................................................................................................98 
 
 
 
Appendixes and Evidence Tables are provided at  
http://www.ahrq.gov/clinic/epcindex.htm 
 
  
 





 

Evidence Report 



Introduction
This evidence report is one of three prepared

by the Tufts-New England Medical Center (Tufts-
NEMC) Evidence-based Practice Center (EPC)
concerning the health benefits of omega-3 fatty
acids on cardiovascular diseases. These reports are
among several that address topics related to
omega-3 fatty acids that were requested and
funded by the Office of Dietary Supplements,
National Institutes of Health (NIH), through the
EPC program at the Agency for Healthcare
Research and Quality (AHRQ). Three EPCs—
the Tufts-NEMC EPC, the Southern
California/RAND EPC, and the University of
Ottawa (UO) EPC—produced evidence reports.
The aim of these reports is to summarize the
current evidence of the health effects of omega-3
fatty acids on: cardiovascular diseases, cancer,
child and maternal health, eye health,
gastrointestinal/renal diseases, asthma,
autoimmune diseases, immune-mediated diseases,
transplantation, mental health, and neurological
diseases and conditions. The focus of this report is
on arrhythmogenic mechanisms in animal and
isolated organ and cell culture studies.

Arrhythmias are thought to be the cause of
“sudden death” in heart disease. Animal studies
have suggested that omega-3 long-chain
polyunsaturated fatty acids (LC PUFAs), such as
eicosapentaenoic acid (EPA, 20:5 n-3) and
docosahexaenoic acid (DHA, 22:6 n-3), engage in
multiple cytoprotective activities that may
contribute to antiarrhythmic mechanisms.1 In this
report, we examine evidence that omega-3 fatty
acids affect cell organelles—such as cardiac ion
channels, pumps, or exchange mechanisms—that
are involved in cardiac electrophysiology or
electrogenesis. 

The key questions addressed by this report are:
• What is the evidence from whole animal

studies that omega-3 fatty acids affect
arrhythmogenic outcomes (and intermediate
outcomes)?

• What is the evidence from cell culture and
tissue studies (including animal and human
cardiac tissue) that omega-3 fatty acids
directly affect cell organelles such as cardiac
ion channels, pumps, or exchange
mechanisms involved in electrogenesis?

In whole animal studies examined for this
report, omega-3 fatty acids were fed to whole,
intact animals as part of their diet or were infused
intravenously. Outcomes examined by these
studies include induced arrhythmia, ventricular
ectopic beats, and ventricular and atrial
fibrillation. In whole animal isolated organ and
cell studies, omega-3 fatty acids were fed to
whole, intact animals as part of their diet, and
organs or cell tissues were subsequently excised
from the animal to study outcomes such as
arrhythmia, and myocyte contraction and beating
rate. In “pure” isolated organ and cell studies,
omega-3 fatty acids were applied directly to
mammalian tissues or cultured cell lines or
incorporated into the membrane of the
mammalian tissues or cultured cell lines.
Outcomes examined in these studies include
induced arrhythmia, myocyte contraction and
beating rate, and any other arrhythmogenic
outcomes. In examining studies for this report,
we focused on several potential arrhythmogenic
mechanisms, including contractile parameters,
basoelectromechanical parameters, ion pumps,
ion channels, and membrane currents.
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Methods

Literature Search Strategy
This evidence report is based on a systematic review of the

literature. Relevant studies were identified primarily through
search strategies conducted in collaboration with the UO EPC.
Preliminary searches were conducted at the Tufts-NEMC EPC
using the OVID search engine on the MEDLINE® database.
The final searches used five databases including:
• MEDLINE® from 1966 to week 2 of February 2003 
• PreMEDLINE® from February 7, 2003
• EMBASE from 1980 to week 6 of 2003
• Biological Abstracts 1990 to December 2002
• Commonwealth Agricultural Bureau Health from 1973 to

December 2002
A targeted search was conducted to retrieve articles that

examined the effects of omega-3 fatty acids on cell organelles
involved in electrophysiology. This search included in vivo as
well as in vitro animal studies. MeSH® subject headings and
text words were defined by reviewing key articles supplied by
researchers and members of the technical expert panel. In
addition, citation analyses of key articles were conducted using
the Institute for Scientific Information’s Web of Science—
Science Citation Index® database. Publications that cited the
key articles were scanned for appropriateness and for additional
subject headings or text words. These additional headings and
text words were then added to those used in the search strategy.
The database searches were updated regularly, with the last
update conducted on April 18, 2003.

Study Selection
Abstracts identified through the literature search were

screened using eligibility criteria defined to include all English
language primary experimental studies that evaluated the
impact of omega-3 fatty acids on arrhythmia, intermediate
mechanisms of arrhythmia, and electrogenesis. Reports
published only as letters or abstracts were excluded. Articles
associated with abstracts that passed these screens were retrieved
and screened once more for eligibility.  Studies were included if
they examined the effect of omega-3 fatty acids on whole heart
parameters (e.g., ventricular tachycardia, ventricular
fibrillation), contractile parameters (e.g., heart rate, inotropic
parameters), basoelectromechanical parameters (e.g., relative
refractory period), ion pumps/movement (e.g., cytosolic
calcium influx/efflux), ion currents (e.g., sodium currents), or
ion channels (e.g., binding capacity).

Data Extraction 
A standardized data extraction process was followed to

ensure consistency across reviewers. Definitions for terms used
in the extraction process were specified by consensus. As part of
the training process, data was extracted from two of the same

studies to compare interpretations. After this process, each
study was partially screened to determine whether it met
eligibility criteria and addressed relevant outcomes. Studies
deemed eligible were then fully extracted by a single reviewer.
Issues and discrepancies encountered during the extraction
process were addressed at weekly meetings.  

Analysis
We compiled detailed evidence tables describing study

characteristics and results. Results were summarized with
narrative descriptions of the evidence. Meta-analyses of whole
animal studies were also conducted. For these analyses, we
identified key measures and subgroups to construct random
effects meta-analysis models using risk ratios.

Results

Literature Search Results
We identified 1,807 abstracts from the literature search.

After screening the abstracts, we retrieved 274 articles. Of these,
183 were rejected after reviewing the full text articles. Reasons
for rejection included: no omega-3 fatty acids, not specific to
arrhythmia, no cardiac cells, fatty acid composition, or
products only. Details for the reasons for rejection are
summarized in the list of rejected articles included with the
report. A total of 86 articles were accepted and reviewed.

Whole Animal Studies
Twenty-six whole animal studies were reviewed. Of these, 14

used rat models, seven used dog models, three used monkey
models, one used a piglet model, and one used a rabbit model.
Separate meta-analyses were performed for each of the
outcomes studied. Findings related to the following subtopics
are reviewed below.
• Arrhythmia deaths
• Ventricular tachycardia and ventricular premature beats 
• Ventricular fibrillation and ventricular fibrillation threshold 
• Arrhythmia severity
• Length of time in sinus rhythm

Arrhythmia deaths. The meta-analyses examining
arrhythmia deaths included 12 comparisons from seven studies
involving 150 rats fed omega-3 PUFAs and 152 rats fed
omega-6 PUFAs. Five of the 12 comparisons compared the
effects of alpha linolenic acid (ALA, 18:3 n-3) oils to omega-6
PUFA oils on deaths in ischemia-reperfusion-induced
arrhythmias. The combined risk ratio of deaths for these five
comparisons was 1.2 (95% confidence interval [CI]: 0.51-2.6;
n=133).  In contrast, the combined risk ratio of deaths for the
other seven comparisons was 0.47 (95% CI: 0.24-0.95). The
significantly reduced risk ratio of deaths in these seven
comparisons, however, was due to a single study.2 In a meta-
analysis combining ALA and EPA plus DHA comparisons, the

 



overall risk ratio of deaths was 0.68 (95% CI: 0.40-1.2;
n=169).  

Ventricular tachycardia and ventricular premature beats.
Ten comparisons were included in a meta-analysis of the risk
ratio of ventricular tachycardia in ischemia-induced
arrhythmias. Of these, four compared the effects of ALA oils to
omega-6 PUFA oils on the incidence of ventricular tachycardia
(VT). The combined risk ratio of deaths in these comparisons
was 0.82 (95% CI: 0.65-1.0; n=248). Another 11 comparisons
were combined to examine the effects of fish oils (EPA and
DHA) on the incidence of VT in ischemia-induced
arrhythmias. The combined risk ratio of deaths in these 11
comparisons was 0.49 (95% CI: 0.29-0.83; n=257).  In a
meta-analysis combining comparisons of ALA and EPA+DHA,
the overall risk ratio of VT in ischemia-induced arrhythmias
was 0.70 (95% CI: 0.53-0.92; n=76). 

Eleven comparisons were included in a meta-analysis of
reperfusion-induced arrhythmias. Of these, five compared the
effects of ALA oils to omega-6 PUFA oils on the incidence of
VT. The combined risk ratio of deaths in these five
comparisons was 1.1 (95% CI: 0.73-1.6; n=125).  The other
six comparisons were combined to examine the effects of fish
oils (EPA and DHA) on the incidence of VT in reperfusion-
induced arrhythmias. The combined risk ratio of deaths in
these comparisons was 0.68 (95% CI: 0.50-0.91; n=132).
Combining comparisons of ALA and EPA plus DHA
comparisons yielded an overall risk ratio of 0.85 (95% CI:
0.65-1.1; n=257) in reperfusion-induced arrhythmias.

Sixteen comparisons in seven studies compared the effects of
omega-3 fatty acids and omega-6 fatty acids on ventricular
premature beats (VPBs) in ischemia-induced and/or
reperfusion-induced arrhythmias in rat models. A meta-analysis
showed that rats fed fish oils had reduced numbers of VPBs in
ischemia-induced and/or reperfusion-induced arrhythmias
compared to rats fed omega-6 PUFA oils.  

Several studies compared omega-3 fatty acids to saturated
fatty acids. Three studies—one using a rabbit model, one using
a piglet model, and one using a rat model—examined the
numbers of VPBs in ischemia-reperfusion-induced arrhythmias.
In the rat study, the numbers of VPBs during ischemia were
significantly reduced among rats fed fish oil compared to those
fed sheep-perirenal fat. In the piglet study, the incidence of
VPBs was not different during ischemia, but during reperfusion
significantly fewer VPBs were reported in piglets fed mackerel
oil than in those fed lard fat. In the rabbit study, there were no
significant differences in the incidence of VPBs between rabbits
fed fish oil and those fed coconut oil during ischemia or
reperfusion procedures.

Three infusion studies using dog models examined the
effects of intravenously infused ALA on ischemia-induced or
spontaneous arrhythmias. One study evaluated the incidence of
VT in spontaneous arrhythmias among eight dogs. No events
of VT or VPB were observed when infusing control buffer or
ALA up to 10 mg/kg.

Ventricular fibrillation and ventricular fibrillation
threshold. Eight comparisons were included in a meta analysis
of the risk ratio of ventricular fibrillation (VF) in ischemia-
induced arrhythmias. Three of the comparisons compared the
effects of ALA oils and omega-6 PUFA oils on the incidence of
VF in ischemia-induced arrhythmias. The combined risk ratio
of deaths for these comparisons was 0.95 (95% CI: 0.56-1.6;
n=76). The other five comparisons examined the effects of fish
oils on the incidence of VF in ischemia-induced arrhythmias.
The combined risk ratio of deaths for these comparisons was
0.21 (95% CI: 0.07-0.63; n=100). The meta-analysis
combined comparisons of ALA and EPA plus DHA and
showed that the overall random-effects risk ratio of VF in
ischemia-induced arrhythmias was 0.69 (95% CI: 0.41-1.24;
n=176).

Fourteen comparisons were included in a meta-analysis of
the incidence of VF in reperfusion-induced arrhythmias.  Of
these, six compared the effects of ALA oils to omega-6 PUFA
oils. The combined risk ratio of deaths in these six comparisons
was 0.84 (95% CI: 0.52-1.3; n=144) with heterogeneity
present. The other eight comparisons examined the effects of
fish oils on the incidence of VF in reperfusion-induced
arrhythmias. The combined risk ratio of death for these
comparisons was 0.44 (95% CI: 0.25-0.79; n=168). In the
meta-analysis combining ALA and EPA plus DHA
comparisons, the overall random-effect risk ratio of VT in
reperfusion-induced arrhythmias was 0.85 (95% CI: 0.65-1.1;
n=312). 

Three studies examined the incidence of VF and ventricular
fibrillation threshold (VFT) in induced arrhythmia. These
studies compared monkeys fed fish oils to controls fed
sunflower seed oil (an omega-6 PUFA). The studies found no
difference in the proportion of monkeys with inducible VF in
normal conditions. Under ischemic conditions, two of the three
studies found no difference in the proportion of monkeys with
induced VF. The third study reported that no VF was induced
in the monkeys fed fish oil, but 13 percent of the monkeys fed
sunflower seed oil had induced VF. Among monkeys receiving
isoproterenol, VF was induced in 30 percent to 50 percent of
the monkeys fed fish oils compared to 77 percent to 100
percent of the monkeys fed sunflower seed oil. VFTs were
measured only among VF-inducible monkeys. In two studies
comparing monkeys fed fish oil to those fed sunflower seed oils,
there were no changes in VFTs in all conditions. 

Arrhythmia severity. Eight studies representing 18
comparisons used rat models to evaluate arrhythmia scores of
ischemia-induced and/or reperfusion-induced arrhythmias.
More severe arrhythmias were associated with higher scores. No
consistent results were found in studies comparing rats fed ALA
oils (soybean, linseed, or canola oils) to those fed omega-6
PUFA oils. However, studies comparing rats fed fish oils to rats
fed omega-6 PUFA oils found that most rats fed fish oils had
less severe ischemia-induced and/or reperfusion-induced
arrhythmias.
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Length of time in sinus rhythm. Three studies representing
seven comparisons used rat models to evaluate the length of
time in sinus rhythm (TSR) in ischemia-induced and/or
reperfusion-induced arrhythmias. One study compared rats fed
linseed oil (which is rich in ALA) to those fed corn oil and
found no significant difference in TSR in ischemia-induced
arrhythmias. However, the same study found that TSR in
ischemia-induced arrhythmias was significantly increased in rats
fed fish oil compared to rats fed corn oil. The other two studies
that compared rats fed fish oils to rats fed omega-6 PUFA oils
found no significant difference in TSR in ischemia-induced
and/or reperfusion-induced arrhythmias.  Two studies using rat
models directly compared EPA+DHA to ALA. Both reported a
non-significant reduction in the incidence of VT and VF in
ischemia-induced or reperfusion-induced arrhythmias in rats
fed fish oils compared to those fed soybean or linseed oils.  Five
studies compared omega-3 fatty acids to saturated fatty acids.
Deaths in ischemia-reperfusion-induced arrhythmias were
observed in two of these studies. 

Whole-Animal Isolated Organ and Cell Studies
Twenty-one studies used isolated organs and cells from

whole animals to examine contractile parameters,
basoelectromechanical parameters, ion pumps and ion
movements, ion currents, and ion channels. Findings related to
several of these parameters are discussed below.

Contractile parameters. Three studies showed that fish oil
or EPA+DHA supplementation did not change heart rate. One
study showed that, in the presence of an arrhythmogenic agent,
fish oil significantly decreased heart rate compared to safflower
oil. One study examined the effect of cod liver oil
supplementation on heart rate and showed a significant
decrease under some, but not all, conditions. 

Basoelectromechanical parameters. One study using a rat
model showed that supplementing a high fat diet with fish oil
significantly reduced the ventricular effective refractory period.
Another study using a rabbit model showed no effect of dietary
fish oil compared to safflower oil on the ventricular effective
refractory period, absolute refractory period, relative refractory
period, or epicardial or endocardial monophasic action
potential.

Ion pump. Several studies examined ion pump activity
using mouse models. One compared a diet enriched with EPA
ester or DHA to a diet containing safflower oil and found no
difference in sarcoplasmic reticulum (SR) calcium-magnesium
adenosine triphosphatase (ATPase) activity. Another study
compared fish oil to corn oil and showed a significant decrease
in SR calcium-magnesium ATPase activity. A third study
showed that, compared to standard chow diet, supplementation
with graded doses of DHA ester did not affect calcium-
magnesium ATPase activity in the SR, but significantly
increased calcium-magnesium ATPase in the cardiac myocyte at
low doses. At a higher dose, however, there was no change. One
study using a rat model measured SR calcium-magnesium

ATPase, calcium ATPase, and magnesium ATPase using graded
doses of adenosine triphosphate (ATP) and ionomycin. This
study found significant decreases with fish oil supplementation
compared to a corn-oil based diet. A study using a canine
model reported significant increases in cardiac calcium-
magnesium ATPase with EPA ester supplementation. Three
studies (two rat and one canine model) all reported no change
in sodium-potassium ATPase activity with an omega-3 fatty
acid diet regardless of dosage or agent used. 

Three studies using rat models examined the effect of fish oil
supplementation on cytosolic calcium content. Each of the
studies reported there was no difference under ambient
conditions between fish oil supplementation and an omega-6
fatty acid diet or a saturated fatty acid diet. 

Two studies showed a significant decrease in SR calcium
content with omega-3 fatty acids and fish oil. One, using a
mouse model, compared an omega-3 fatty acid to a safflower
oil control while the other used a rat model and compared fish
oil to corn oil. Two studies (one using a mouse model and the
other using a rat model) compared fish oil to corn oil and
reported significant decreases in SR calcium uptake with fish
oil. 

Isolated Organ and Cell Culture Studies
We identified 39 studies that examined the effects of omega-

3 fatty acids on isolated organs and cell cultures. Key findings
related to the following subtopics are summarized below.
• Arrhythmogenic and contractile parameters
• Basoelectromechanical parameters 
• Ion pumps and ion movements
• Ion currents 
• Ion channels

Arrhythmogenic and contractile parameters. Four studies
using rats demonstrated that free-EPA or DHA significantly
prevented or terminated the proportion of arrhythmias induced
by various agents. Another study demonstrated that free
omega-3 fatty acids were effective in terminating induction of
arrhythmias while bound omega-3 fatty acids were not.
Another study using a rat model showed that bound-DHA
significantly decreased the proportion of arrhythmias induced
by nor-adrenaline and timolol. A study using a guinea pig
model showed that free-EPA (sodium salt) at a low dosage did
not have an effect on antigen-induced arrhythmia but
produced a significant decrease in the proportion of induced
arrhythmias at a high dosage.  

A number of contractility studies compared the effect of free
ALA, EPA, or DHA, alone or in combination, to a control in
the absence of any agent. Three of the studies showed no effect
on contractility, while three showed a decrease. Among studies
that used an agent to examine contractility, all demonstrated a
decrease in contractility, or a protective effect of the omega-3
fatty acids in blocking the negative response induced by the
agents. One study also showed that DHA blocked the

 



inhibitory effect of nitrendipine on myocyte contraction, but
not the inhibitory effect of verapamil and diltiazem. Three
studies examined the effect of methylated (m.e.) or ethylated
(e.e.) free-EPA or DHA on contractility. Two used rat models
and showed that free-EPA e.e. in the absence of an agent, or
free-DHA m.e. in the presence of isoproteronol, had no effect
on contractility. The third study examined a different
contractile parameter.  

Two studies examined the effect of omega-3 fatty acids on
twitch size, and both used rat and guinea pig models.3,4 The
two guinea pig models observed a decrease in twitch size with
free-EPA and/or free-DHA. One of the rat models observed an
increase in twitch size with EPA or DHA at concentrations
between 1-7.5 µm, and a decrease in twitch size with
concentrations >10 µM.3 The other rat model observed a
significant decrease in twitch size with 5 µM of EPA.4

Three studies examined the effect of omega-3 fatty acids on
inotropic parameters. One study used a rat model and reported
that neither free-EPA nor DHA had an effect on amplitude of
contraction. Another study used bound-EPA with a rat model
and showed no change in amplitude of contraction. However,
the same study found that amplitude increased significantly
with ouabain. The third study examined a different inotropic
parameter.

A number of studies examined contractility parameters. Two
studies compared bound omega-3 fatty acids to bound omega-
6 fatty acids under ambient, hypoxic, and reoxygenated
conditions and showed no effect on the contractility parameters
that were investigated. Four studies compared bound-EPA to
bound-DHA and found no difference in their effects on
contraction duration at 20 percent relaxation (CD20),
contraction duration at 80 percent relaxation (CD80), relaxation
time (–Cmax), and cell shortening velocity (+ Cmax) regardless
of the agents used to induce arrhythmia. One study compared
bound-ALA+ EPA to omega-6 fatty acids and reported no
difference in CD80 and –Cmax, but found a significant increase
in +Cmax. 

Basoelectromechanical parameters. One study reported an
increase in the action potential5 with free-EPA compared to a
control, while another study (also using free-EPA) reported a
significant decrease in both the action potential and the
frequency of the action potential.6 In the presence of three
different agents (sodium and timolol, isoproteronol, and
ouabain), bound-DHA significantly decreased the action
potential compared to control. No change was observed in the
absence of an agent.7 Two studies compared bound synthesized
medium for omega-3 group (SM3) to bound synthesized
medium for omega-6 group (SM6) and reported no change in
the action potential under ambient, hypoxic, and reoxygenated
conditions. Two studies showed that 5-10 µM of free-EPA
and/or DHA did not affect the action potential amplitude
(APA) compared to control, but concentrations >10-50 µM
yielded a significant decrease in APA.  One study compared the
effect of bound-DHA relative to control and reported a

significant increase in action potential amplitude using EPA.
Two studies examined the effects of omega-3 fatty acid
combinations (SM3) versus omega-6 fatty acids (SM6) under
varying conditions. Both showed no change in APA under
ambient conditions and a significant decrease in APA under
hypoxic conditions. However, under the reoxygenation
condition, the results differed: one study reported no change
and the other reported a significant increase in APA.  Two
studies compared the effect of bound-EPA to bound-DHA and
found that EPA significantly increased APA compared to
DHA.  

Four studies using rat models examined the effect of omega-
3 fatty acids on the action potential duration at 40 percent
polarization. One of these studies reported an increase in this
parameter in the presence of both free-EPA and free-DHA
compared to control.5 Two of the studies compared bound-
SM3 to bound-SM6 under three experimental conditions. One
reported no change under all three conditions, while the other
reported a significant decrease in action potential duration at
40 percent polarization under hypoxic conditions but no
change under ambient or reoxygenation conditions.  One study
compared bound-EPA to bound-DHA and did not find a
differential effect on this basal electromechanical parameter. 

Five studies using rat models and one study using both a rat
and guinea pig model examined the effect of omega-3 fatty
acids on the action potential duration at 80 percent
polarization (APD80). One of the studies compared free-EPA
(10 µM) to control and reported a significant decrease in
APD80.6 Similarly, another study reported a dose-dependent
decrease in APD80 with EPA concentrations >10 µM, but an
increase with EPA concentrations between 1 and 7.5 µM.3 The
same authors also used a guinea pig model and reported that
EPA was effective in decreasing APD80 at concentrations
between 1 and 20 µM. One study compared bound-SM3 to
SM6 and reported no change in APD80 under hypoxic,
ambient, or reoxygenation conditions, while another study
reported a significant decrease in action potential duration at
40 percent (APD40) polarization under hypoxic conditions, but
no change under ambient or reoxygenation conditions. Two
studies compared bound-EPA to bound-DHA and observed no
effect on action potential. 

Several studies examined the effects of omega-3 fatty acids
on the maximum rate of depolarization (Vmax). One study
demonstrated a increase in Vmax with either free-EPA or free-
DHA compared to control. Two studies compared bound-SM3
to bound-SM6 under varying experimental conditions. One
reported no change in Vmax under any of three conditions,
while the other reported a significant increase in Vmax under
ambient conditions, but no change under either hypoxic or
reoxygenated conditions. Two studies compared bound-EPA to
bound-DHA and found no difference in Vmax. 

Several studies examined overshoot potential (OS). One
study compared bound-SM3 to bound-SM6 and reported no
effect on OS. Another study also compared bound-SM3 to
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SM6, but under varying experimental conditions, and found
that bound-SM3 did not affect OS differently from bound-
SM6 under ambient conditions. However, bound-SM3
significantly decreased OS under hypoxic conditions and
significantly increased OS during reoxygenation. Two studies
compared bound-EPA to bound-DHA and reported that
bound-EPA significantly increased OS compared to bound-
DHA. 

Ion pumps and ion movements. Three studies examined
the effect of omega-3 fatty acids on cytosolic calcium influx.
One study using a rat model reported that free-EPA decreased
cytosolic calcium influx.8 The second study found that free-
DHA blocked the effect of nitrendipine and Bay8644 (BAY)
on cytosolic calcium influx.9 Another study that used a rat
model examined the effect of bound-EPA or bound-DHA in
the presence of several agents. This study found that DHA
blocked the ouabain-induced increase in cytosolic calcium
influx. It also showed that both EPA and DHA blocked the
nitrendipine-induced decrease, ouabain+nitrendipine-induced
decrease, BAY+nitrendipine-induced decrease, and the BAY-
induced increase in cytosolic calcium influx.  

Seven studies examined the effect of omega-3 fatty acids on
cytosolic calcium content. One study directly compared the
effects of acute and chronic exposure to free-DHA. This study
showed that both acute and chronic exposure were effective in
lessening the magnitude of increase in cytosolic calcium
content induced by an agent (potassium chloride) or an anoxic
condition.10 While two studies showed that free-EPA decreased
cytosolic calcium content, the other four studies showed that
neither free- nor bound-EPA or DHA had an effect. In the
presence of various agents, free- or bound-EPA and DHA
blocked the alterations in cytosolic calcium induced by the
agents. 

Four studies examined the effect of omega-3 fatty acids on
sodium-calcium and sodium-hydrogen exchangers. Two used a
canine model and reported that free-ALA increased sodium-
calcium exchange.

Ion currents. Twelve studies examined the effect of free
omega-3 fatty acids on ion currents in isolated organs or cells.
One study using a rat model demonstrated a significant shift in
the voltage dependence of activation to more positive potentials
with ALA, EPA, or DHA. The same study also demonstrated a
significant shift in the inactivation of the sodium current to
more negative potentials with ALA, EPA, or DHA.11 A study
using both rat and guinea pig models found a dose–dependent
decrease in peak amplitude of the sodium current with both
EPA and DHA.3 In another study using a rat model, a
significant time, dose, and voltage-dependent decrease of the
sodium current was observed using ALA, EPA, or DHA.
However, there was no change in the current-voltage

relationship and the activation or inactivation parameters of the
sodium current. 

Three studies used rat models to examine transient
potassium outward current (Ito). One of the studies showed
that both EPA and DHA decreased Ito amplitude and the time
constant of Ito inactivation and increased the Ito delay.5 The
presence of indomethacin did not modify these effects. In the
second study, there was a dose-dependent decrease in Ito,3 and
in the third study, EPA significantly decreased the frequency
and significantly increased the amplitude of Ito

8.  A study using
ferrets showed that ALA, EPA, or DHA significantly decreased
Ito amplitude.12

Six studies examined the effects of free omega-3 fatty acids
on the voltage-dependent L-type calcium current (ICa.L). One
study using a rat and guinea pig model found that both EPA
and DHA caused a dose-dependent decrease in ICa.Lma.

3 In
another rat study, both EPA and DHA decreased the amplitude
of  ICa.L.13 A study examining the effect of various agents on
ICa.L showed that DHA increased the current amplitude in the
presence of nitrendipine. DHA also blocked the BAY K8644-
induced increase in ICa.L amplitude, but did not change the
amplitude in the presence of isoproteronol.9 Another study
using a rat model showed that significant time, dose, voltage-
dependent decreases in ICa.L, and a negative shift in the ICa.L
inactivation curve occurred in the presence of ALA, EPA, or
DHA.  In a study using a guinea pig model and methylated
DHA, a significant increase in ICa.L was observed.14 Another
guinea pig model showed that EPA produced a significant
decrease.4

Four studies examined the effect of free omega-3 fatty acids
on inward rectifier potassium current (IKI). A study using a
mouse model showed no effect of DHA on IKI, and a study
using a rat model showed no effect of either EPA or DHA.5

Another study using EPA with rat and guinea pig models
showed a decrease in IKI,

3 while a study using a ferret model
showed no change using either ALA, EPA, or DHA.12

Ion channels. Three studies examined ion channels in
isolated organs or cells. Because each study examined different
parameters, the conclusions that can be inferred from these
studies are limited. 

Discussion 
In conclusion, based on the meta-analyses of the incidences

of total deaths and of ventricular tachycardia and ventricular
fibrillation in ischemia- and/or reperfusion-induced
arrhythmias, fish oil supplementation has anti-arrhythmic
effects in the rat model when compared to omega-6-fatty acid
supplementation. Fish oil supplementation in rats showed
significant protective effects for ischemia- and reperfusion-
induced arrhythmias by reducing the incidence of ventricular
tachycardia and fibrillation. The anti-arrhythmic effects seemed

 



stronger in ischemia-induced arrhythmias than in reperfusion-
induced arrhythmias. No beneficial effects on ischemia- and/or
reperfusion-induced arrhythmias in the rat model were found
for ALA supplementation compared to omega-6-fatty acid
supplementation. Results were consistent in the two studies
that directly compared the anti-arrhythmic effects of ALA oils
to fish oils. The incidence of total deaths, ventricular
tachycardia, and ventricular fibrillation were lower in rats fed
fish oil compared to rats fed soybean or linseed oils.

In monkey models, fish oil supplementations were found to
prevent deaths in ischemia- and isoproterenol-induced
arrhythmias in one study. In addition, three studies examined
ventricular fibrillation threshold and the incidence of
ventricular fibrillation in induced arrhythmias. No anti-
arrhythmic effects were seen in normal and ischemic
conditions. There was a non-significant reduction in the
incidence of ventricular fibrillation, and an increase in
ventricular fibrillation threshold, in isoproterenol-induced
arrhythmias among monkeys fed fish oils compared to
monkeys fed sunflower seed oil. Five studies showed consistent
protective effects on ischemia- and/or reperfusion-induced
arrhythmias in rats, rabbits, or pigs fed fish oils compared to
rats fed saturated fatty acids, although again the results were not
statistically significant for most comparisons. 

In comparison to omega-6, monounsaturated, or saturated
fatty acids, or no treatment controls across various species (rats,
monkeys, dogs, rabbits, and pigs), we conclude that fish oil
supplementation might have anti-arrhythmic effects when
compared to omega-6 or monounsaturated fatty acid
supplementation. The anti-arrhythmic effects were apparent
when animals fed fish oil were compared with those fed
saturated fatty acids or with no treatment controls. In most of
the studies that showed non-significant reduction in the
incidence of death, ventricular tachycardia, and ventricular
fibrillation, the lack of significance was likely due to lack of
statistical power. The mechanisms of the observed anti-
arrhythmic effects of albumin-bound ALA, EPA, and DHA or
fish oil emulsion are still unknown. Therefore, we conclude
that the arrhythmic effects for albumin-bound ALA, EPA,
DHA, and fish oil emulsion are unknown. 

In studies using whole isolated organ and cell culture studies
and whole animal isolated organs and cells, the question
regarding plausible biochemical or physiological mechanisms to
explain the potential antiarrhythmogenic effects of omega-3
fatty acids cannot be answered definitively at this time due to
the limited number of studies for each outcome and the
conflicting results obtained. Some trends were observed among
the contractility and ion pumps and ion movement parameters,
but these trends need further validation.

Limitations and Recommendations
Synthesizing data regarding the effects of omega-3 fatty acids

on arrhythmogenic mechanisms was complicated by a number

of issues. Several of these are discussed below and
recommendations for future studies are highlighted. 

In human clinical trials, randomization, allocation
concealment, blinding of investigators and subjects, and
adequate sample size are recognized as key factors that might
affect the quality of a study and the reliability of study results.
Many of these factors were not observed in the 26 whole-
animal studies reviewed. For example, only three studies
explicitly reported the randomization to treatment, and no
study reported blinded analyses. Animal characteristics and
housing conditions were described in most studies; however,
cross-referencing to prior papers was common. Contemporary
controls were used in all but monkey and infusion studies.
Exclusion criteria were rarely used.

In addition, while 26 whole-animal studies were identified,
approximately 70 percent of studies included in the meta-
analyses are from the same group of collaborating researchers,
which to some degree accounts for the standardization of
arrhythmic outcome measures. The results reported from one
laboratory should be independently verified by another. More
research from various laboratories on potential mechanisms for
the effects of omega-3 fatty acids on arrhythmia is needed.

With respect to study design, standardized measures are
needed, especially for isolated organ and cell culture studies.
Research would be more interpretable if core sets of
standardized measures that produce the highest information
yield were agreed upon. We grouped outcomes reported in the
various studies into five major categories to aid in the summary
of results. However, we found wide variation in reports of the
same outcome due to different experimental methodologies. 

Tissues or cells from various species of animals, including
mice, rats, guinea pigs, ferrets, dogs, pigs, and cats, were used to
examine the effect of omega-3 fatty acids on arrhythmogenic
mechanisms. It appears, however, that the results are not always
applicable across species, all cardiac cell types used (atrial,
ventricular, etc.), and all development stages (neonatal, adult).
It would, therefore, be useful to reach a consensus on the
animal model or models whose basic cardiac physiology,
biochemistry, and fatty acid metabolism are as similar as
possible to human cardiac tissue, and then for the various
research groups to use these models to conduct their
experiments. 

We found that the concentrations of omega-3 fatty acids
used in the isolated organ and cell culture studies were
markedly different (1 µM to 214 µM).  The results obtained at
concentrations greater than 20 µM are questionable due to
non-specific effects such as detergent effects on ion channels.
Thus there is a need to develop standard preparations of
omega-3 fatty acids (e.g,. both as free fatty acid and
triacylglycerol) that would be available from the NIH or other
suppliers to all researchers with a valid protocol. Additionally, a
consensus needs to be reached on dosage. 

While most studies reported results compared to a control, it
might be more relevant to use an omega-6 fatty acid or a
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monounsaturated fatty acid as the comparison group.
Additionally, only three studies evaluated the effect of one
omega-3 fatty acid compared to another omega-3 fatty acid.
This area needs further research.

Classifying studies by experimental condition and agent used
is problematic. It might be appropriate to convene an expert
panel to evaluate and standardize available methodologies
(ischemic models versus arrhythmogenic models) that are more
relevant to the human situation so that the results are
comparable across studies and are more applicable or
generalizable to humans. 

Availability of the Full Report
The full evidence report from which this summary was taken

was prepared for the Agency for Healthcare Research and
Quality (AHRQ) by the Tufts-New England Medical Center
Evidence-based Practice Center, Boston, MA, under Contract
No. 290-02-0022. It is expected to be available in March 2004.
At that time, printed copies may be obtained free of charge
from the AHRQ Publications Clearinghouse by calling 800-
358-9295. Requesters should ask for Evidence
Report/Technology Assessment No. 92, Effects of Omega-3
Fatty Acids on Arrhythmogenic Mechanisms in Animal and
Isolated Organ/Cell Culture Studies. In addition, Internet users
will be able to access the report and this summary online
through AHRQ’s Web site at www.ahrq.gov.
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Chapter 1. Introduction 
 

This evidence report is one of three reports prepared by the Tufts-New England Medical 
Center (Tufts-NEMC) Evidence-based Practice Center (EPC) concerning the health benefits of 
omega-3 fatty acids on cardiovascular diseases. These reports are among several that address 
topics related to omega-3 fatty acids, and that were requested and funded by the Office of Dietary 
Supplements, National Institutes of Health (NIH) through the EPC program at the Agency for 
Healthcare Research and Quality (AHRQ). Three EPCs — the Tufts-NEMC EPC, the Southern 
California-RAND EPC, and the University of Ottawa EPC — each produced evidence reports. To 
ensure consistency of approach, the three EPCs collaborated on selected methodological elements, 
including literature search strategies, rating of evidence, and data table design. 

The aim of these three reports is to summarize the current evidence on the health effects of 
omega-3 fatty acids on the following: cardiovascular diseases, cancer, child and materna l health, 
eye health, gastrointestinal/renal diseases, asthma, autoimmune diseases, immune-mediated 
diseases, transplantation, mental health, and neurological diseases and conditions. In addition to 
informing the research community and the public on the effects of omega-3 fatty acids on various 
health conditions, it is anticipated that the findings of the reports will also be used to help define 
the agenda for future research. 

The focus of this report is on the effect of omega-3 fatty acids on cardiac electrogenesis and 
arrhythmias. The other two reports focus on the effects of omega-3 fatty acids on cardiovascular 
disease and effects of omega-3 fatty acids on cardiovascular disease risk factors. In this chapter, 
we review the metabolism, physiological functions, and sources of omega-3 fatty acids. In 
addition, we examine some basic aspects of cardiac electrophysiology or electrogenesis and 
discuss the analytic framework for this report. Subsequent chapters describe the methods used to 
identify and review studies related to omega-3 fatty acids and  cardiac electrogenesis, findings 
related to the effects of omega-3 fatty acids on cardiac electrogenesis and arrhythmias, and 
recommendations for future research in this area. 

 
 

Metabolism and Biological Effects of Essential Fatty Acids 
 

Dietary fat is an important source of energy for biological activities in human beings. Dietary 
fat encompasses saturated fatty acids, which are usually solid at room temperature, and 
unsaturated fatty acids, which are liquid at room temperature. Unsaturated fatty acids can be 
further divided into monounsaturated and polyunsaturated fatty acids. Polyunsaturated fatty acids 
(PUFAs) can be classified on the basis of their chemical structure into two groups: omega-3 (n-3) 
fatty acids and omega-6 (n-6) fatty acids. The omega-3 or n-3 notation means that the first double 
bond from the methyl end of the molecule is in the third. The same principle applies to the 
omega-6 or n-6 notation. Despite their differences in structure, all fats contain the same amount of 
energy (9 kcal/g or 37 kJ/g).  

Of all fats found in food, 2 — alpha- linolenic acid (chemical abbreviation: ALA, 18:3 n-3) and 
linoleic acid (LA, 18:2 n-6) — cannot be synthesized in the human body, yet are necessary for 
proper physiological functioning. These 2 fats are called essential fatty acids. The essential fatty 
acids can be converted in the liver to long-chain polyunsaturated fatty acids (LC PUFAs), which 

Appendixes and Evidence Tables are provided 
electronically at http://www.ahrq.gov/clinic/epcindex.htm 
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have a higher number of carbon atoms and double bonds. These LC PUFAs retain the omega type 
(n-3 or n-6) of the parent essential fatty acids.  

ALA and LA comprise the bulk of the total PUFAs consumed in a typical North American 
diet. Typically, LA comprises 89% of the total PUFAs consumed, while ALA comprises 9%. 
Smaller amounts of other PUFAs make up the remainder 1. Both ALA and LA are present in a 
variety of foods. For example, LA is present in high concentrations in many commonly used oils, 
including safflower, sunflower, soy, and corn oil. ALA, which is consumed in smaller quantities, 
is present in leafy green vegetables and in some commonly used oils, including canola and 
soybean oil. Some novelty oils, such as flaxseed oil, contain relatively high concentrations of 
ALA, but these oils are not commonly found in the food supply.  

The Institute of Medicine suggests that, for adults 19 and older, an adequate intake (AI) of 
ALA is 1.1-1.6 g/day, while an adequate daily intake of LA is 11-17 g/day 2. Recommendations 
regarding AI differ by age and gender groups, and for special conditions such as pregnancy and 
lactation. 

As shown in Figure 1.1, EPA and DHA can act as competitors for the same metabolic 
pathways as AA. In human studies, the analyses of fatty-acid compositions in both blood 
phospholipids and adipose tissue showed similar competitive relationship between omega-3 LC 
PUFAs and AA. General scientific agreement supports an increased consumption of omega-3 fatty 
acids and reduced intake of omega-6 fatty acids to promote good health. However, for omega-3 
fatty acid intakes, the specific quantitative recommendations vary widely among countries not 
only in terms of different units — ratio, grams, total energy intake — but also in quantity 3. 
Furthermore, there remain numerous questions relating to the inherent complexities about 
omega-3 and omega-6 fatty acid metabolism, in particular regarding the inter-relationships 
between the 2 fatty acids. For example, it remains unclear to what extend ALA is converted to 
EPA and DHA in humans, and to what extend high intake of omega-6 fatty acids compromises any 
benefits of omega-3 fatty acid consumption. Without resolution of these 2 foundational questions, 
it remains difficult to study the importance of omega-6 to omega-3 fatty acid ratio. 

 
 

Metabolic Pathways of Omega-3 and Omega-6 Fatty Acids 
 

 Omega-3 and omega-6 fatty acids share the same pools of enzymes and go through the same 
oxidation pathways while being metabolized (Figure 1.1). Once ingested, ALA and LA can be 
elongated and desaturated into LC PUFAs. LA is converted into gamma-linolenic acid (GLA, 18:3 
n-6), an omega-6 fatty acid that is a positional isomer of ALA. GLA, in turn, can be converted to 
the long-chain omega-6 fatty acid, arachidonic acid (AA, 20:4 n-6). ALA can be converted, to a 
lesser extent, to the long-chain omega-3 fatty acids, eicosapentaenoic acid (EPA; 20:5 n-3) and 
docosahexaenoic acid (DHA; 22:6 n-3). However, the conversion from parent fatty acids into LC 
PUFAs occurs slowly in humans, and conversion rates are not well understood. Because of the 
slow rate of conversion and the importance of LC PUFAs to many physiological processes, 
humans must augment their level of LC PUFAs by consuming foods that are rich in these 
important compounds. Meat is the primary food source of AA, while fish is the primary food 
source of EPA.  
 The specific biological functions of fatty acids depend on the number and position of double 
bonds and the length of the acyl chain. Both EPA and AA are 20-carbon fatty acids and are 
precursors for the formation of prostaglandins, thromboxane, and leukotrienes — hormone-like 
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agents that are members of a larger family of substances called eicosanoids. Eicosanoids are 
localized tissue hormones that seem to be one of the fundamental regulatory classes of molecules 
in most higher forms of life. They do not travel in the blood, but are created in the cells to regulate 
a large number of processes, including the movement of calcium and other substances into and out 
of cells, dilation and contraction of muscles, inhibition and promotion of clotting, regulation of 
secretions including digestive juices and hormones, and control of fertility, cell division, and 
growth 4. 

As shown in Figure 1.1, the long-chain omega-6 fatty acid, AA, is the precursor of a group of 
eicosanoids including series-2 prostaglandins and series-4 leukotrienes. The omega-3 fatty acid, 
EPA, is the precursor to a group of eicosanoids including series-3 prostaglandins and series-5 
leukotrienes. The series-2 prostaglandins and series-4 leukotrienes derived from AA are involved 
in intense actions (such as accelerating platelet aggregation and enhancing vasoconstriction and 
the synthesis of inflammatory mediators) in response to physiological stressors. The series-3 
prostaglandins and series-5 leukotrienes that are derived from EPA are less physiologically potent 
than those derived from AA. More specifically, the series-3 prostaglandins are formed at a slower 
rate and work to attenuate excessive series-2 prostaglandins. Thus, adequate production of the 
series-3 prostaglandins, which are derived from the omega-3 fatty acid, EPA, may protect against 
heart attack and stroke as well as certain inflammatory diseases like arthritis, lupus, and asthma 4. 
In addition, animal studies, have demonstrated that omega-3 LC PUFAs, such as EPA and DHA, 
engage in multiple cytoprotective activities that may contribute to antiarrhythmic mechanisms5. 
Arrhythmias are a common cause of “sudden death” in heart disease. 
 In addition to affecting eicosanoid production as described above, EPA also affects lipoprotein 
metabolism and decreases the production of other compounds — including cytokines, interleukin 
1ß (IL-1ß), and tumor necrosis factor a (TNF-a) — that have pro- inflammatory effects. These 
compounds exert pro- inflammatory cellular actions that include stimulating the production of 
collagenases and increasing the expression of adhesion molecules necessary for leukocyte 
extravasation 6. The mechanism responsible for the suppression of cytokine production by 
omega-3 LC PUFAs remains unknown, although suppression of eicosanoid production by 
omega-3 fatty acids may be involved. EPA can also be converted into the longer chain omega-3 
form of docosapentaenoic acid (DPA, 22:5 n-3), and then further elongated and oxygenated into 
DHA. EPA and DHA are frequently referred to as very long chain omega-3 fatty acids. DHA, 
which is thought to be important for brain development and functioning, is present in significant 
amounts in a variety of food products, including fish, fish liver oils, fish eggs, and organ meats. 
Similarly, AA can convert into an omega-6 form of DPA. Studies have reported that omega-3 fatty 
acids decrease triglycerides (Tg) and very low density lipoprotein (VLDL) in hypertriglyceridemic 
subjects, with a concomitant increase in high density lipoprotein (HDL). However, they appear to 
increase or have no effect on low density lipoprotein (LDL). Omega-3 fatty acids apparently lower 
Tg by inhibiting VLDL and apolipoprotein B-100 synthesis and decreasing post-prandial lipemia 
7. Omega-3 fatty acids, in conjunction with transcription factors (small proteins that bind to the 
regulatory domains of genes), target the genes governing cellular Tg production and those 
activating oxidation of excess fatty acids in the liver. Inhibition of fatty acid synthesis and 
increased fatty acid catabolism reduce the amount of substrate available for Tg production 8 
 As noted earlier, omega-6 fatty acids are consumed in larger quantities (>10 times) than 
omega-3 fatty acids. Maintaining a sufficient intake of omega-3 fatty acids is particularly 
important since many of the body’s physiologic properties depend upon their availability and 
metabolism.  
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Figure 1.1. Classical omega-3 and omega-6 fatty acid synthesis pathways and the role of omega-3 fatty acid in 
regulating health/disease markers. 
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Overview of the Electrophysiology of the Heart 

 
In this report, we examine evidence that omega-3 fatty acids affect cell organelles — such as 

cardiac ion channels, pumps, or exchange mechanisms — that are involved in cardiac 
electrophysiology or electrogenesis. This section of the report reviews some basic aspects of 
electrogenesis and omega-3 fatty acids., and discusses the analytic framework that guided our 
systematic review of the literature. Two accompanying reports --- Effects of Omega-3 Fatty Acids 
on Cardiovascular Disease Risk Factors and Effects of Omega-3 Fatty Acids on Cardiovascular 
Disease review evidence from clinical studies focused on the relationship between omega-3 fatty 
acids and outcomes in humans including sudden death.  

 
Cardiac Electrophysiology 
 

The heart’s beating rate is controlled by specialized, spontaneously firing pacemaker cells in 
the sino-atrial node (a bundle of specialized cardiac muscle cells in the right atrium of the heart) 
and by sympathetic and parasympathetic nerve fibers that influence the ion balance in heart muscle 
cells. The pacemaker cells initiate an electrical impulse that produces a change in the voltage of 
heart cell membranes. This change in voltage, also called an action potential, is generated by the 
relative concentration of different types of ions across the cell membrane, and moves from one 
heart muscle cell (or myocyte) to another 9.  

Calcium, potassium, and sodium ions are central to the generation of action potentials. These 
ions, in the form of currents, move across cell membranes through pathways called channels. The 
speed at which ions traverse these channels varies due to channel characteristics. Some channels 
open or close as a function of membrane potential, while others respond to neurotransmitters or 
other molecules. Sodium and calcium ions also use an energy-dependent pumping process to cross 
the membrane. 9.  

These electrophysiological processes interact with structural components of cardiac myocytes 
to cause synchronized contraction and relaxation of the heart muscle. The sarcoplasmic reticulum 
(SR) — a system of membranes in cardiac muscle cells — stores calcium ions during the diastolic, 
or relaxation, phase of the contraction cycle. Infoldings of the cell membrane (or sarcolemma) 
called T-tubules transmit the action potential along the membrane far into the cell. The resulting 
excitation-contraction coupling process increases the concentration of intracellular free calcium 
ions during depolarization across the cell membrane and T-tubules. The calcium ions facilitate 
muscle contraction by interacting with other cellular components.  The exchangers and pumps that 
support the contractile process rely on the presence of adenosine triphosphate (ATP) and are 
affected by the concentration gradients of sodium, potassium, and calcium ions. The strength of 
cardiac muscle contraction, or myocardial contractility, can be increased by norepinephrine, which 
is secreted by sympathetic nerves and mediated by ß-adrenergic receptors and calcium channels. 
Myocardial muscle relaxation occurs when the calcium is returned to the sarcoplasmic reticulum 
or is pumped out of the cell by sodium-calcium exchangers and calcium adenosine triphosphatase 
(ATPase) pumps 9. 
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Arrhythmia 
 

Cardiac arrhythmias, or disorders of the heart’s rhythm, are a serious cause of morbidity and 
mortality. Serious arrhythmias can cause sudden death (abrupt loss of heart function or cardiac 
arrest) — a leading cause of death in industrialized societies. According to the Heart and Stroke 
Statistical Update for 2003 10 arrhythmias were a direct cause of 37,646 deaths in the United States 
and were an underlying or contributing cause of another 491,000 deaths. In addition to contributing 
to sudden death, serious arrhythmias can compromise the normal flow of blood through the 
coronary arteries, resulting in impaired oxygenation of the heart muscle (myocardial ischemia) or 
death of cardiac muscle tissue (myocardial infarction or heart attack). Arrhythmias can also lead to 
other cardiovascular conditions, such as stroke, congestive heart failure, and peripheral embolism.   

There are many potential causes of arrhythmias, including disruption of ion channels or 
pumps, reduction in blood flow to the heart muscle (ischemia), and alteration of the eicosanoid 
system and adrenoceptors (membrane proteins whose function in the heart is to transmit the 
neuroendocrine message sent by catecholamines like adrenaline and its derivatives). Changes in 
these systems result in electrical abnormalities in the heart leading to disturbances in the heart 
rhythm such as tachycardia, bradycardia, or uncoordinated contraction of the heart muscle cells.  

 A key purpose of this report is to examine the evidence that omega-3 fatty acids directly affect 
cell organelles such as cardiac ion channels, pumps, or exchange mechanisms involved in 
electrogenesis. The accompanying reports, entitled Effects of Omega-3 Fatty Acids on 
Cardiovascular Disease Risk Factors and Effects of Omega-3 Fatty Acids on Cardiovascular 
Disease, provide a review of the evidence from clinical studies of the effect of omega-3 fatty acids 
on arrhythmia and sudden death in humans.  

 
 

Potential Impact of Omega-3 Fatty Acids on 
Arrhythmogenesis 

 
As described above, cell organelles such as cardiac ion channels, pumps, currents, and 

exchange mechanisms are essential electrophysiological processes that ensure normal heart rate 
and coronary blood flow. These processes depend upon the concentration gradient of sodium, 
potassium, and calcium, and associated enzymes.  Disruptions in these concentrations can lead to 
asynchronous contractility of the myocardium and result in arrhythmias.  Clinically, the main 
causes of arrhythmia are ischemia, electrolyte disturbances, drugs, and underlying structural 
problems (e.g. bypass tracts). The physiologic mechanisms underlying these effects involve such 
mechanisms as ion channels and pumps and membrane currents. 

Omega-3 LC PUFAs may exert an anti-arrhythmic effect on cardiac cells in several ways. For 
example, they can affect the adrenoceptors that transmit neuroendocrine messages sent by 
catecholamines. The omega-3 fatty acid, DHA, for instance, causes both a decrease in the 
production of cyclic adenosine monophosphate (cAMP), the main ß-adrenergic messenger, and an 
increase in chronotropic response or heart rate11. Omega-3 LC PUFAs also appear to act like 
another group of cardiovascular drugs, calcium channel blockers, by increasing intracellular 
calcium sequestration and interfering with receptor-operated calcium channels, influx 12.  
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Chapter 2. Methods 
 

Overview 
 

 This evidence report on the effect of omega-3 fatty acids on cardiac electrogenesis and 
arrhythmias is based on a systematic review of the literature. To identify the specific issues central 
to this report, the Tufts-New England Medical Center (Tufts-NEMC) evidence-based practice 
center (EPC) held meetings and teleconferences with a Technical Expert Panel (TEP) formed for 
this project and with participants from the Agency for Healthcare Research and Quality (AHRQ) 
and the Office of Dietary Supplements (ODS). In addition, teleconferences with the 
Southern-California RAND (SC-RAND) and University of Ottawa (UO) EPCs were held to 
discuss common methodological issues associated with the production of the evidence report. A 
comprehensive search of the scientific literature was conducted to identify studies addressing the 
key questions. Evidence tables of study characteristics and results were compiled, and the 
methodological quality and applicability of the studies were appraised. Results were summarized 
with both qualitative reviews of the evidence and quantitative meta-analyses, as appropriate. 
 The TEP served in an advisory capacity for this project. It helped to refine key questions, 
identify important issues, and define parameters of the report. Additional domain expertise was 
obtained through consultation with lipid/nutrition experts.  
 
 

Analytic Framework of This Evidence Report 
 
 We developed separate analytic frameworks to describe the relationship between omega-3 
fatty acid intake and outcomes of interest in intact animal studies (Figure 2.1), intact animal/ 
isolated organ and cell studies (Figure 2.2), and isolated organ and cell studies (Figure 2.3).  These 
frameworks served as a basis for the evidence review and highlight how omega-3 fatty acid intake 
impacts outcome measures/parameters and potential mechanisms associated with the following 
key questions: 
 
•  What is the evidence from whole animal studies that omega-3 fatty acids affect 

arrhythmogenic outcomes (and intermediate outcomes)?  
 
• What is the evidence from cell culture and tissue studies (including animal and human cardiac 

tissue) that omega-3 fatty acids directly affect cell organelles such as cardiac ion channels, 
pumps, or exchange mechanisms involved in electrogenesis? 

  
In whole animal studies (Figure 2.1), omega-3 fatty acids were fed to whole, intact animals as 

part of their diet or infused intravenously prior to the occurrence of the outcome of interest. The 
outcomes of interest in this context were induced arrhythmia, ventricular ectopic beats, ventricular 
and atrial fibrillation, and other measures of arrhythmia identified in the literature.  Intermediate 
outcomes of interest included heart rate, coronary flow, and electrocardiogram (ECG) results such 
as QT interval prolongation.  

Appendixes and Evidence Tables are provided 
electronically at http://www.ahrq.gov/clinic/epcindex.htm 
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In whole animal isolated organ and cell studies (Figure 2.2), omega-3 fatty acids were fed to 
whole, intact animals as part of their diet, and organs or cell tissues were subsequently excised 
from the animal for study. The outcomes of interest included induced arrhythmia, myocyte 
contraction and beating rate, and any other arrhythmogenic outcomes. 

In “pure” isolated organ and cell studies  (Figure 2.3), omega-3 fatty acids were applied 
directly to mammalian tissues or cultured cell lines or incorporated into the membrane  of the 

mammalian tissues or cultured cell lines. The outcomes of interest included induced arrhythmia, 
myocyte contraction and beating rate, and any other arrhythmogenic outcomes.  

Potential mechanisms suggested by different investigators to explain the antiarrhythmic action 
of omega-3 fatty acids can be broadly cla ssified into several categories (See list of Acronyms, 
Abbreviations, and Parameters). These include the effects of omega-3 fatty acids on: 
 
• Contractile parameters (e.g. contractility) 
• Basoelectromechanical parameters (e.g. action potential) 
• Ion channels and pumps (e.g. calcium channels)  
• Membrane currents (e.g. depolarizing current) 
• Receptors (e.g. beta adrenergic) 
• Membrane characteristics (e.g. fluidity and composition) 
• Enzymes (e.g. sodium, potassium ATPases, adenosine triphosphatase) 
• Eicosanoid system (e.g. prostaglandins) 
 
Our focus in this report is limited to contractile parameters, basoelectromechanical parameters, ion 
pumps, channels, and membrane currents.  
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Figure 2.1  Analytic framework for animal studies

Question: What is the evidence from whole animal studies that omega-3 fatty acids affect arrhythmogenic outcomes (and 
intermediate outcomes)?

INTERVENTION

Omega-3 Fatty Acids*

Whole
Animal

-Heart Rate
-Coronary Flow
-ECG changes (e.g. QT interval prolongation)
-Other intermediate markers

INTERMEDIATE OUTCOMES

ARRHYTHMOGENIC OUTCOMES

-Induced Arrhythmia
-Ventricular ectopic beats
-Ventricular fibrillation
-Atrial fibrillation
-Other arrythmogenic measures

* ALA, EPA, DPA, DHA
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Figure 2.2  Analytic framework for intact animal isolated organ and cell studies

Question: What is the evidence from intact {intact, whole animal} cell culture and tissue studies (including animal and 
human cardiac tissue). that omega-3 fatty acids directly affect cell organelles such as cardiac ion channels, pumps, or 
exchange mechanisms involved in electrogenesis?

INTERVENTION

Omega-3 Fatty Acids

Mammalian Cardiac 
Isolated Organs and Cells

(A) ION CHANNELS & PUMPS                                        ( B) MEMBRANE CURRENTS
- Ca2+ channels (L-type channels in SR) - Depolarizing current
- Na+ channels                                                       - Delayed rectifier current 
- K+ channels                                                        - Inward rectifier current
- Ca2+ influx studies                                                 - L type Ca 2+ current
- Ca2+ release from sarcoplasmic reticulum                            - K+ transient outward current
- Other channels & pumps -Other membrane currents

(C) RECEPTORS                                                   (D) MEMBRANE 
CHARACTERISTICS

-Beta adrenergic                                                 - Composition (e.g. 
phospholipids) 

-Thromboxane                                                     - Fluidity
-Other receptors                                                 

(E) ENZYMES                                                     (F) EICOSANOID SYSTEM

-Na+ +, K+-ATPase                                                          - Prostaglandins
-Other ATPases                                                   - Leucotrienes
-Other enzymes (5” nucleotidase, phospholipase, cyclooxygenase)  - Thromboxanes

POTENTIAL MECHANISMS

ARRHYTHMOGENIC OUTCOMES

-Induced Arrhythmia
-Myocyte contraction
-Myocyte beating rate
-Other arrhythmogenic measures

*omega-3 fatty acids (ALA, EPA, DPA, DHA) are fed to the animals as part of their diet, and organs, tissues or cells are subsequently 
excised from the animal for study.

Whole Animal
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Figure 2.3.  Analytic framework for cell culture studies

Question: What is the evidence from cell culture and tissue studies (including animal and 
human cardiac tissue). that omega-3 fatty acids directly affect cell organelles such as 
cardiac ion channels, pumps, or exchange mechanisms involved in electrogenesis?

INTERVENTION

Omega -3 Fatty Acids
(free or bound*)

Mammalian Cardiac 
Isolated Organs and Cells

(A) ION CHANNELS & PUMPS                                        ( B) MEMBRANE CURRENTS
- Ca2+ channels (L -type channels in SR) - Depolarizing current
- Na+ channels                                                       - Delayed rectifier current 
- K+ channels                                                        - Inward rectifier current
- Ca2+ influx studies                                                 - L type Ca 2+ current
- Ca2+ release from sarcoplasmic reticulum                            - K+ transient outward current
- Other channels & pumps                                        -Other membrane currents                                         

(C) RECEPTORS                                                   (D) MEMBRANE 
CHARACTERISTICS

-Beta adrenergic                                                 - Composition (e.g. 
phospholipids) 

-Thromboxane                                                     - Fluidity
-Other receptors                                                 

(E) ENZYMES                                                     (F) EICOSANOID SYSTEM

-Na+ +, K+-ATPase                                                          - Prostaglandins
-Other ATPases                                                   - Leucotrienes
-Other enzymes (5” nucleotidase, phospholipase, cyclooxygenase)  - Thromboxanes

POTENTIAL MECHANISMS

ARRHYTHMOGENIC OUTCOMES

-Induced Arrhythmia
-Myocyte contraction
-Myocyte beating rate
-Other arrhythmogenic measures

*omega-3 fatty acids (ALA, EPA, DPA, DHA) applied directly to (free) mammalian tissues or cultured cell lines or 
incorporated into the membrane (bound) of the mammalian tissues or cultured cell lines. 
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Literature Search Strategy 
 

 A comprehensive literature search was conducted to address the key questions. Relevant 
studies were identified primarily through search strategies conducted in collaboration with the UO 
EPC. Preliminary searches were conducted at the Tufts-NEMC EPC using the OVID search 
engine on the Medline database. The final searches used five databases including: 

- Medline from 1966 to week 2 of February 2003  
- PRE-MEDLINE from February 7, 2003  
- Embase from 1980 to week 6 of 2003 
- Biological Abstracts 1990 - December 2002  
- Commonwealth Agricultural Bureau (CAB) Health from 1973 to December 2002 

 
  Subject headings and text words were selected so that the same set could be applied to each of 
the different databases with their varying attributes. Supplemental search strategies were 
conducted as needed. Additional publications were referred to us by the TEP and the other two 
EPCs. 
 A targeted search was conducted to retrieve articles that examined the effects of omega-3 fatty 
acids on cell organelles involved in electrophysiology. This search included in-vivo as well as in 
vitro animal studies. MeSH subject headings and text words were defined by reviewing key 
articles supplied by researchers and members of the TEP. In addition, citation analyses of key 
articles were conducted using the Science Citation Index database from the Institute for Scientific 
Information’s Web of Science. Publications that cited the key articles were scanned for 
appropriateness and for additional subject headings or text words. These additional headings and 
text words were then added to those used in the search strategy. 

Numbers for the final results of the database search strategies are approximate. Because the 5 
main databases used in the search employ different citation formats, a number of duplicate 
publications were encountered. Although the UO EPC eliminated some of the duplicates, it was 
impossible to identify all of them. We eliminated additional duplicate publications as they were 
discovered. The database searches were updated regularly. The last update was conducted on April 
18, 2003. 
 
 

Study Selection 
 

Abstracts identified through the literature search were screened using eligibility criteria 
defined to include all English language primary experimental studies that evaluated the impact of 
omega-3 fatty acids on arrhythmia, intermediate mechanisms of arrhythmia, and electrogenesis. 
Reports published only as letters or abstracts were excluded.  

Articles associated with abstracts that passed these screens were retrieved and screened once 
more for eligibility.  Inclusion and exclusion criteria used in this round of review are summarized 
below. 
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Inclusion Criteria 
 

 Studies were included if they examined the effect of omega-3 fatty acids on one of the 
following: 

• Arrhythmia 
• Adenosine triphophatase (ATPase, either Calcium, Sodium, Potasssium, or 

Magnesium)   
• Beating rate  
• Cardiac dynamics 
• Cardiac or myocyte contraction 
• Cardiomyocytes 
• Cell organelles in cardiac tissue (sarcoplasmic reticulum or endoplasmic reticulum; 

mitochondria) 
• Cell signaling 
• Coronary perfusion pressure 
• Cultured myocytes 
• Electrogenesis in cardiac myocyte 
• Electrophysiology 
• Heart rate or rhythm 
• Ion channels, pumps, currents, voltage dependant/sensitive channels  (Calcium (Ca2+), 

Sodium (Na+),  Potassium (K+), K+ transient outward current, delayed rectifier current, 
inward rectifier current, L-type Ca2+ current or channel) 

• Ischemia/ischemic reperfusion in heart 
• Sudden cardiac death 
• Ventricular fibrillation (VF) 
• Ventricular fibrillation threshold (VFT) 
• Ventricular ectopic beats (VEB) 
• Ventricular premature beats (VPB); sometimes referred to as premature ventricular 

complex (PVC) 
 
The TEP agreed that given the wide range and number of studies of potential relevance, 

prioritization of which to include was important. We therefore identified studies of the following 
mechanisms related to the antiarrhythmic action of omega-3 fatty acids but judged them not 
immediately relevant to the scope of the key questions to include in this report. Mechanisms 
excluded were:  

• Eicosanoid production (prostaglandins, leucotrienes, thromboxanes) 
• Enzymes (5’nuclotidase, phospholipase, cyclo-oxygenase) 
• Receptors (ß-adrenergic, thromboxane) 
• Membrane composition, fluidity, or phospholipids 

  
For articles identified through the review, grounds for rejection included: non-mammalian 

animals or cell lines, no outcome of interest reported (see below), no omega-3 fatty acid 
intervention, review article, non-English article, and toxicology study/safety assessment. For each 
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study that was rejected, the reason(s) for rejection was noted.  Basic information about all studies 
that addressed relevant outcomes was recorded.  
 
 

Data Extraction 
 

 A standardized data extraction process was followed to ensure consistency across reviewers. 
Definitions for terms used in the extraction process were specified by consensus. As part of the 
training process, data extractors extracted data from 2 of the same studies to compare 
interpretations. After this process, each study was partially screened to determine whether it met 
eligibility criteria and addressed relevant outcomes. Studies deemed eligible were then fully 
extracted by a single reviewer. Issues and discrepancies encountered during the extraction process 
were addressed at weekly meetings.  

For both animal and in vitro studies, general items extracted included country in which the 
experiment occurred, funding source, and sample size. Extraction of additional data relating to the 
intervention, intermediate outcomes, potential mechanisms, and arrhythmogenic outcomes was 
guided by the analytic framework described in Chapter 1.  

For animal and animal in vitro studies, data extracted regarding the intervention included 
species of animal, animal characteristics, control and experimental diets (including detailed 
description of any omega-3 fatty acids), and dosage and duration of feeding or infusion. For 
animal studies, data extracted about intermediate outcomes included heart rate, coronary flow, and 
electrocardiogram (ECG) changes. Data extracted about arrhythmogenic outcomes included 
induced arrhythmia, ventricular ectopic beats, ventricular fibrillation, and atrial fibrillation. 
 For in vitro studies, data extracted regarding the intervention included species of animal, 
animal characteristics, cell line, sample sizes, number of experiments, detailed description of any 
omega-3 fatty acids, and whether the fatty acids were free (directly added to the cell culture 
medium) or bound (incubated with the fatty acid and incorporated into membrane phospholipid). 
Data extracted about potential mechanisms of arrhythmia included ion channels, ion pumps, and 
ion movement, as well as ion currents, contractility,  and basoelectromechanical parameters. 
 
 

Format for Reporting Evidence 
 
 We report the evidence in three forms: (1) Evidence tables offer a detailed description of the 
studies we identified that address each of the key questions. These tables provide detailed 
information about the study design, characteristics of the animal and in vitro model used in the 
study, inclusion and exclusion criteria, intervention or test evaluated, and outcomes. Where 
appropriate, we graded the studies according to the methodological quality, applicability, size, and 
the effect or test performance. (2) Summary tables report on each study in an abbreviated form 
using summary measures of the main outcomes. These tables were developed by condensing 
information from the evidence tables to provide a concise overview of study quality and results, 
and are designed to facilitate comparisons across studies. Summary tables include important 
variables including study size, omega-3 fatty acids evaluated in the study, study dosages and 
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duration, the animal model, outcomes, and methodological quality. (3) Additional tables were 
developed to provide an overall synthesis of information related to several key questions.  
 
 

Methods of Analysis 
 

 For the whole animal studies, wherever feasible, we performed meta-analyses combining the 
results from individual experiments. It is important, however, to interpret results cautiously when 
combining data that are highly variable.  We identified key measures and subgroups to construct 
random effects meta-analysis models 13. 
 For the isolated organ and cell stud ies, we frequently developed a qualitative summary of data 
presented in the articles. When possible, we report percentage changes in evidence tables. When a 
treatment group was compared to a control group, the difference in percentage change between the 
treatment group and control group was calculated. When one omega-3 fatty acid was compared to 
another fatty acid, we first report results of the comparisons to omega-6 fatty acids, followed by 
comparisons to monounsaturated fatty acids (MUFAs), then to saturated fatty acids (SFAs), and 
finally to other omega-3 fatty acids. In the summary tables, percentage changes are characterized 
as a statistically significant (P<.05) increase, decrease, improvement, or no change (i.e. change not 
statistically significant (P>.05). 
 
 

Diet Classification 
 

 The criteria used to assess the methodological quality of animal studies are different from 
those used for human studies. Compared to human clinical trials, methods used to evaluate animal 
studies are not as advanced and there are no quality assessment rating schemes in widespread use. 
It is, however, important to stratify analyses, where possible, by the rigor of the study design and 
by the conduct, analysis, and reporting of the study. Since diet composition and the structure of the 
comparisons is a key aspect of study design in studies using intact animals fed different diets, we 
devised a four level categorization schema that is based on the fatty acid and/or level of fat 
contained in the comparison diet. The levels range from A to D, where the comparison diet in level 
A is most similar to eicosapentaenoic acid (EPA, 20:5 n-3) and decosahexaenoic acid (DHA, 22:6 
n-3), and the comparison diet in level D is least similar. Specifically: 
 
A. Omega-3 (fish, soybean, canola, linseed oils) vs. omega-6 (e.g. corn, safflower, sunflower oils) 

fatty acids. The omega-6 comparison oils have the longest fatty acid chains normally 
consumed by humans, and are most similar to EPA and DHA. They provide a similar level of 
dietary fat and have a similar number of double bonds. 

 
B. Omega-3 fatty acids vs. MUFAs (e.g. olive oil). As with omega-6 comparison oils, MUFA oils 

have the longest fatty acid chains normally consumed by humans. They contain at least one 
double bond and provide a similar level of dietary fat. 
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C. Omega-3 fatty acids vs. SFA (e.g. butter, lard, palm oil, coconut oil, sheep fat). These saturated 
fatty acids provide a level of dietary fat in the comparison diet that is similar to the level 
obtained with omega-3 fatty acids. 

 
D. Omega-3 fatty acids vs. control (e.g. standard chow). Standard chow is most different from the 

omega-3 enriched diet because no “counter-balancing” fatty acids are contained in this 
comparison diet. 

 
In some studies, certain dietary comparisons conducted b y the article authors were not relevant 

to this report. In such instances, only those components of the analysis that addressed the 
objectives of this report were extracted, using the scheme described above (order of comparison: 
omega-3 fatty acids to omega-6 fatty acids, MUFA, SFA, other omega-3 fatty acid).  

 
 

Data Presentation 
 

Data from the whole animal isolated organ and cell studies and the pure isolated organ and cell 
studies are presented in the evidence and summary tables in a specific order. Studies and/or 
comparisons are presented in the rows, and results or outcomes  (e.g., contractile parameters [CP], 
basoelectromechanical parameters [BEP], ion pumps and ion movements, [IPIM], ion currents 
[ICU], and ion channels [ICH]) are presented in the table columns. For each outcome, the omega-3 
fatty acid used, the dose, and the experimental condition under which the study was performed, is 
noted. Outcomes or results obtained under ‘ambient’ (no perturbation) conditions are presented 
first, followed by outcomes or results under other conditions. Presenting results in this order is 
similar to the order followed in the studies themselves: after observations were made in the 
ambient condition, specific blocking or facilitating agents (e.g., antagonists such as iosproteronol 
and agonists such as BAY8644 (BAY), respectively) were often introduced to investigate specific 
mechanisms (e.g., receptors) that are affected by the fatty acids. For example, isoproteronol was 
used in some studies to produce arrhythmia. This approach provides an understanding about which 
specific receptors are affected by omega-3 fatty acids and which omega-3 fatty acids might yield 
anti-arrhythmogenic effects. The parameter of interest in some studies is electrical current, which 
must be elicited by electrical stimulation. For the purposes of this report electrical stimulation is 
not considered an ‘agent’.  
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Chapter 3. Results 
 

In this chapter, we provide an overview of our literature search and discuss findings from the 
studies that met our search criteria. An overview of the literature search is presented first, followed 
by a review of whole animal studies, whole animal isolated organ and cell studies, and isolated 
organ and cell culture studies.  

 
 

Literature Search Overview 
 

Through the literature search, we identified 1,807 abstracts that met our search criteria. After 
screening the abstracts, we retrieved 274 articles. Of these, 184 were rejected after reviewing the 
full text. The reasons for rejection are as follows: no omega-3 fatty acids (30), not specific to 
arrhythmia (31), no cardiac cells (4), fatty acid composition or products only (34), other reasons 
(90). Details associated with the reasons for rejection are summarized in the reasons for rejection 
section. At the end of this process, 89 articles were accepted and reviewed. 

For each class of study — whole animal studies, whole animal isolated organ and cell culture 
studies, and isolated organ and cell culture studies — we tabulated the outcomes/parameters 
measured by each investigator. Tables 3-1 to 3-3 summarize these parameters by species model 
and parameter. 
 
 

Whole Animal Studies 
 

A total of 26 whole animal studies (Tables 3-4 through 3-20 and Evidence Table 1) were 
reviewed. In 23 of the studies, omega-3 fatty acid supplements were added to the animals’ food for 
a variable duration of time before experimental protocols for induced arrhythmias were 
implemented. In the remaining 3 studies, fatty acids were infused intravenously as a treatment to 
prevent induced or spontaneous arrhythmias. In the pre-fed route, dietary fatty acids must be 
incorporated into an animal’s cell membrane before they can influence cell function and/or 
rehabilitation. In contrast, when omega-3 fatty acids are directly injected into an animal’s blood 
stream, they exist and function in free form. The results of these two types of studies will be 
discussed separately, since their presumed physiological mechanisms differ. A summary of the 26 
whole-animal studies is shown in Table 3-1. 

Individual summary tables were created to show the effects of omega-3 fatty acids on various 
arrhythmic outcomes. Studies were grouped first by outcomes, then by species, and finally by 
experimental protocols (or mechanisms) for induced arrhythmias. Within each table, comparisons 
were first clustered into alpha linolenic acid (ALA, 18:3 n 3) oils or fish oils, and then sorted by the 
dose of omega-3 fatty acids. Frequently, studies had more than one comparison and used more 
than one experimental protocol. As a result, some studies appear multiple times in one table (once 
for each comparison group) or appear in several different tables.  

In general, the arrhythmic outcomes assessed were defined consistently across the 26 
whole-animal studies with the exception of the definition for arrhythmia score, which varied 

Appendixes and Evidence Tables are provided electronically 
at http://www.ahrq.gov/clinic/epcindex.htm 
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somewhat across studies. The following arrhythmic outcome measures and general definitions 
were used in the original studies:

 
 
• Ventricular Tachycardia (VT): A run of four or more consecutive ventricular premature 

beats 14. 
 
• Ventricular Fibrillation (VF): A signal for which individual QRS deflections can no longer 

be distinguished from one another (implying morphological instability) and for which a rate 
can no longer be measured 14. 

 
• Ventricular Premature Beats (VPB): Isolated ventricular premature beats are generally 

defined as discrete and identifiable premature QRS complexes (premature in relation to the P 
wave) 14. 

 
• Arrhythmia Score (AS): A hierarchical scale of 0 to 9 during occlusion as most described by 

Curtis et al., 1987 15, and during reperfusion using a slightly modified version of the scale as 
described by McLennan et al., 1988 16. 

 
• Infarct Size (IS): The under-perfused ischemic regions determined by dye exclusion and 

expressed as a percentage of wet weight in both ventricles 16. In the studies examined for this 
report, infarct size reflects myocardial tissue that has sustained damage due to the ischemia 
procedures that were used to induce arrhythmias.  

 
We performed meta-analyses for each of the outcomes. In these analyses, fish oils and ALA 

oils were analyzed separately and in combination. 
In the following sections, the 23 pre-fed studies are discussed first and are grouped according 

to the comparison substance. Studies comparing omega-3 polyunsaturated fatty acids (PUFAs) to 
omega-6 PUFAs are presented first, followed by studies comparing omega-3 PUFAs to a - linolenic 
acid, monounsaturated fatty acids (MUFAs), saturated fatty acids (SFAs), and no treatment. The 3 
studies that infused free form omega-3 fatty acids are reviewed at the end of the Whole Animal 
Studies section.  
 
Studies Comparing Pre-Fed Omega-3 PUFAs to Omega-6 PUFAs 
 

This section summarizes 13 studies that compared pre-fed omega-3 PUFAs to pre-fed 
omega-6 PUFAs (see Table 3-1 and Evidence Table 1). In each study, the same amount of 
experimental and control oil was added to each animal’s basic diet. Therefore, all comparisons 
have iso-caloric intake from fat. The dose of omega-3 fatty acids ranged from 0.4 to 3.7g/100g. 
Fish oils (menhaden, tuna fish oils, or MaxEPA---a commercial preparation of EPA), soybean oil, 
or canola oil were used as the source of omega-3 PUFAs in the experimental groups, while 
controls were fed sunflower seed oil, corn oil or safflower oil. The effects of omega-3 PUFAs on 
arrhythmia deaths, ventricular fibrillation, ventricular premature beats, arrhythmia scores, infarct 
size, and length of time in sinus rhythm are reviewed below. 
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Effect on incidence of arrhythmia deaths. Seven studies in rats (Table 3-4) and one study in 
monkeys (Table 3-6) reported arrhythmia deaths. In the rat studies, investigators looked for deaths 
in ischemia-reperfusion-induced arrhythmias in 12 comparisons.  In the monkey study, 
investigators looked for deaths after induced arrhythmias in 1 comparison (Table 3-6). 

 
 Meta-analyses of risk ratio of total deaths in ischemia-reperfusion-induced arrhythmias. As 
shown in Table 3-4, 12 comparisons in 7 studies were included in the meta-analyses. The 7 studies 
involved 150 rats that were fed omega-3 PUFAs and 152 rats fed omega-6 PUFAs. In all but one 17 
of the studies, deaths during reperfusion after an ischemia procedure were monitored. Two studies 
18,19 also looked for deaths that occurred during the ischemia procedure. They all found that deaths 
occurred only during the ischemia procedure; no deaths occurred during reperfusion in either the 
omega-3 PUFA or control groups The ischemia deaths in these two studies were combined into 
total deaths for ischemia-reperfusion- induced arrhythmia. 

Of the 12 comparisons, 5 compared ALA oils to omega-6 PUFA oils (Figure 1). The combined 
risk ratio of deaths in ischemia-reperfusion- induced arrhythmias in these 5 comparisons was 1.2 
(95% CI: 0.51-2.6). There was no statistically significant heterogeneity between studies. 

The other 7 comparisons were combined to assess the effects of fish oils on deaths in 
ischemia-reperfusion- induced arrhythmias (Figure 2). The combined risk ratio of deaths in these 7 
comparisons was 0.47 (95% CI: 0.23-0.93). There was no statistically significant heterogeneity 
between studies. However, the significantly reduced risk ratio of deaths was due to a single 
study 20 as shown by a sensitivity analysis (Table 3-5). When this study was removed, the 
combined risk ratio of deaths became 0.64 (95% CI: 0.19-2.1). 

A separate meta-analysis combined comparisons involving ALA with comparisons involving 
eicosapentaenoic acid (EPA, 20:5 n-3) plus decosahexaenoic acid (DHA, 22:6 n-3). The overall 
risk ratio of deaths in this analysis was 0.68 (95% CI: 0.40-1.2). 

 
 Deaths from ventricular fibrillation in monkeys. One study examined total VF deaths — which 
combined deaths in the control condition, ischemia model, and isoproterenol model — among 
marmoset monkeys (Table 3-6). For the purpose of our evidence review, we evaluated only the 
results from a comparison between 16 monkeys fed fish oil and 13 monkeys fed sunflower seed 
oil. The fish oil and sunflower seed oil diets both had 12%  weight-by-weight (w/w) of total fat or 
29% kcal of fat.  The fish-oil diet contained 2.8g/100g EPA plus DHA. The animals were fed for 
30 months in both studies. No VF deaths occurred in the monkeys that were fed fish oil, while 3 
deaths (23%) occurred in those fed sunflower seed oil. 

 
Effects on incidence of ventricular tachycardia. Eight studies, representing 21 comparisons, 

reported the incidence of VT among rats fed omega-3 PUFA oils vs. those fed omega-6 PUFA oils 
(Table 3-7 and Table 3-8). In 10 of the comparisons, the incidence of VT in ischemia- induced 
arrhythmias was monitored (Table 3-7). In the other 11 comparisons, the incidence of VT during 
reperfusion- induced arrhythmias was monitored (Table 3-8). Only ischemia- induced VT was 
assessed in 2 21,22 of the 8 studies. The remaining 6 studies assessed both ischemia- induced and 
reperfusion- induced VT.) 
 

Meta-analyses of risk ratio of ventricular tachycardia in ischemia-induced arrhythmias. As 
shown in Table 3-7, 10 comparisons in 6 stud ies were included in the meta-analyses. Of  the 248 
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rats used in the studies, 126 were in the omega-3 PUFA groups and 122 were in the omega-6 
PUFA control groups. 

Among the 10 comparisons, 4 examined the effects of ALA vs. omega-6 PUFA oils on the 
incidence of VT in ischemia- induced arrhythmias (Figure 3). The dose of ALA ranged from 0.4 to 
5.2g/100g. The combined risk ratio of deaths was 0.82 (95% CI: 0.65-1.0). There was no 
statistically significant heterogeneity between studies. 

The other 6 comparisons were combined to evaluate the effects of fish oils (EPA plus DHA) on 
the incidence of VT in ischemia-induced arrhythmias (Figure 4). The combined risk ratio of deaths 
in this analysis was 0.49 (95% CI: 0.29-0.83). The studies were heterogeneous. Sensitivity 
analysis did not show that any single study had a dominating effect. 

A separate meta-analysis combined comparisons involving ALA with comparisons involving 
EPA plus DHA. In this meta-analysis, the overall risk ratio of VT in ischemia-induced arrhythmias 
was 0.70 (95% CI: 0.53-0.92). 
 

Meta-analyses of risk ratio of ventricular tachycardia in reperfusion-induced arrhythmias.   
As shown in Table 3-8, 11 comparisons in 7 studies were included in these meta-analyses. Of the 
257 rats used in the studies, 128 were in the omega-3 PUFA groups and 129 were in the omega-6 
PUFA control groups. 

Among the 11 comparisons, 5 examined the effects of ALA vs.omega-6 PUFA oils on the 
incidence of VT in reperfusion- induced arrhythmias (Figure 5). The combined risk ratio of deaths 
was 1.1 (95% CI: 0.73-1.6). The studies were heterogeneous. 

The other 6 comparisons were combined to evaluate the effects of fish oils (EPA plus DHA) on 
the incidence of VT in reperfusion- induced arrhythmias (Figure 6). The combined risk ratio of 
deaths was 0.68 (95% CI: 0.50-0.91). There was no statistically significant heterogeneity between 
studies. 

In the meta-analysis that combined comparisons involving ALA with comparisons involving 
EPA plus DHA, the overall risk ratio of VT in reperfusion- induced arrhythmias was 0.85 (95% CI: 
0.65-1.1). 
 

Effects on incidence of ventricular fibrillation.  Nine studies in rats with 22 comparisons 
(Table 3-9 & Table 3-10), and 3 studies in monkeys with 9 comparisons (Table 3-11), reported the 
incidence of VF in induced arrhythmias. All the rat studies used ischemia-reperfusion models. In 
the monkey studies, arrhythmias were induced by electrical stimulation in normal or ischemic 
conditions and/or with the injection of isoproterenol. 

In the rat studies, the incidence of VF in ischemia- induced arrhythmias was monitored in 8 
comparisons (Table 3-9), while in the other 14 comparisons, the incidence of VF during 
reperfusion after an induced- ischemia procedure was monitored (Table 3-10). (Four 20-23 of the 
nine rat studies monitored only the incidence of reperfusion- induced VF. The remaining 5 studies 
monitored the incidence of both ischemia- induced and reperfusion- induced VF.) 
 

Meta-analyses of risk ratio of ventricular fibrillation in ischemia-induced arrhythmias. As 
shown in Table 3-9, a total of  8 comparisons from 6 studies were included in the meta-analyses. 
Of the 176 rats used in the studies, 90 were in the omega-3 PUFA groups and 86 were in the 
omega-6 PUFA control groups. 
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Among the 8 comparisons, 3 examined the effects of ALA vs. omega-6 PUFA oils on the 
incidence of VF in ischemia- induced arrhythmias (Figure 7). The combined risk ratio of deaths 
was 0.95 (95% CI: 0.56-1.6). There was no statistically significant heterogeneity between studies. 

The other 5 comparisons were combined to evaluate the effect of fish oils on the incidence of 
VF in ischemia-induced arrhythmias (Figure 8). The combined risk ratio of deaths was 0.21 (95% 
CI: 0.07-0.63). There was no statistically significant heterogeneity between studies. 

In the meta-analysis that combined ALA comparisons and EPA plus DHA comparisons, the 
overall random-effect risk ratio of VF in ischemia-induced arrhythmias was 0.69 (95% CI: 
0.41-1.24). 

Meta-analyses of risk ratio of ventricular fibrillation in reperfusion-induced arrhythmias. As 
shown in Table 3-10, a total of 14 comparisons in eight studies were included in these 
meta-analyses. Of the 312 rats used in the studies, 155 were in the omega-3 PUFA groups and 157 
were in the omega-6 PUFA control groups. 

Among the 14 comparisons, 6 examined the effects of ALA vs. omega-6 PUFA oils on the 
incidence of VF in reperfusion- induced arrhythmias (Figure 9). The combined risk ratio of deaths 
was 0.84 (95% CI: 0.52-1.3). The studies were heterogeneous. 

The other 8 comparisons were combined to evaluate the effects of fish oils on the incidence of 
VF in reperfusion- induced arrhythmias (Figure 10). The combined risk ratio of deaths was 0.44 
(95% CI: 0.25-0.79). There was no statistically significant heterogeneity between studies. 

In the meta-analysis combining ALA comparisons and EPA plus DHA comparisons, the 
overall random-effect risk ratio of VT in reperfusion-induced arrhythmias was 0.85 (95% CI: 
0.65-1.1). 
 

Ventricular fibrillation and ventricular fibrillation threshold in induced arrhythmia among 
monkeys. Table 3-11 shows results from 3 studies that compared monkeys fed fish oils to controls 
fed sunflower seed oil (omega-6 PUFA), and that examined the incidence of VF and ventricular 
fibrillation threshold (VFT) in induced arrhythmia. The dose of EPA plus DHA ranged from 1.8 to 
2.8g/100g. The feeding duration ranged from 16 weeks to 30 months. Three different 
arrhythmia- induction protocols were used. In the first protocol, arrhythmias were induced by 
electrical stimulation in the control condition. In the second, arrhythmias were induced 5 minutes 
after an ischemia procedure, and in the third, arrhythmias were induced 30 minutes after 
restoration of coronary blood flow and during the infusion of isoproterenol. The three 
arrhythmia- induction protocols were not independent of each other, that is, the same monkeys 
underwent the series of experimental procedures in sequence. Thus, the cumulative effects of 
induced arrhythmias must be considered. (Note also be noted that the same group of investigators 
from one laboratory authored all three studies). 

For each of the arrhythmia induction protocols, the investigators compared the proportion of 
monkeys from the fish oil group that experienced inducible VF to the proportion in the sunflower 
seed oil group that experienced VF. In the first protocol (electrical stimulation in control 
condition), the investigators found no difference between groups. In the second protocol (electrical 
stimulation five minutes after an ischemia procedure), 2 of the 3 studies found no difference in the 
proportion of monkeys that had inducible VF 24,25. One study 26, however, reported that while no 
VF was inducible in the monkeys fed fish oil, VF was induced in 13% of the monkeys fed 
sunflower seed oil . In the third protocol (electrical stimulation during the infusion of 
isoproterenol), VF was induced in 30% to 50% of the monkeys fed fish oil compared to 77% to 
100% of the monkeys fed sunflower seed oil. 
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Ventricular fibrillation thresholds (VFTs) were measured only among the VF inducible 
monkeys. In 2 studies24,26, VFTs remained unchanged in both groups in all conditions. However, 
one study 25 found that VFTs were significantly increased among monkeys that were fed fish oil 
relative to those fed sunflower seed oil in all conditions (note that an increased threshold indicates 
a desirable outcome). 
 

Effects on ventricular premature beats. As shown in Table 3-12, 7 studies with 16 
comparisons evaluated the number of VPBs in ischemia- induced and/or reperfusion-induced 
arrhythmias. Rats were used in all 7 studies. No consistent results were found in the studies 
comparing rats fed ALA oils (soybean, linseed or canola oils) to rats fed omega-6 PUFA oils. 
However, studies comparing rats fed fish oils to rats fed omega-6 PUFA oils suggest that rats fed 
fish oils might have reduced numbers of VPBs in ischemia-induced and/or reperfusion- induced 
arrhythmias relative to rats fed omega-6 PUFA oils. 
 

Effects on arrhythmia scores or severity of arrhythmias. As shown in Table 3-12, 8 studies 
with 18 comparisons evaluated the arrhythmia scores associated with the ischemia- induced and/or 
reperfusion- induced arrhythmias. Rats were used in all studies. More severe arrhythmias are 
associated with higher scores.  

No consistent results were found in studies that compared rats fed ALA oils (soybean, linseed 
or canola oils) to rats fed omega-6 PUFA oils. However, when rats fed fish oils were compared to 
rats fed omega-6 PUFA oils, the studies found that most of the fish oil fed rats had less severe 
ischemia- induced and/or reperfusion- induced arrhythmias than the omega-6 PUFA fed rats. 
 

Effects on infarct size. Infarct size, or size of the ischemic region, was evaluated in only 2 
studies 16,27. The results showed no significant difference in the infarct size between  rats fed 
omega-3 PUFA oils and rats fed omega-6 PUFA oils (Table 3-12). 
 

Effects on length of time in sinus rhythm. As shown in Table 3-12, 3 studies with 7 
comparisons evaluated length of time in sinus rhythm (TSR) in ischemia- induced and/or 
reperfusion- induced arrhythmias. Rats were used in all studies. One study 27 that compared rats fed 
linseed oil (rich in ALA) to rats fed corn oil found no significant difference in TSR. In the same 
study, however, TSR was significantly increased in rats fed fish oil compared to rats fed corn oil. 
Two other studies compared rats fed fish oils to rats fed omega-6 PUFA oils. These studies found 
no significant difference in TSR in ischemia- induced and/or reperfusion- induced arrhythmias 19,28. 
 
Studies Comparing Pre-fed Omega-3 Long-Chain PUFAS to 
a-Linolenic Acid 
 

Two studies directly compared omega-3 long-chain PUFAs (EPA and DHA) to ALA (Table 
3-13). Both studies found a non-significant reduction in the incidence of VT and VF in 
ischemia- induced or reperfusion- induced arrhythmias in rats fed fish oils compared to those fed 
soybean or linseed oils (rich in ALA) 23,27. Abeywardena et al. found that no deaths occurred in rats 
fed fish oil, while 11% of rats fed soybean oil died from ischemia-reperfusion- induced 
arrhythmias 23. The results also showed that rats fed fish oil had fewer numbers of VPBs and less 
severe arrhythmias as indicated by arrhythmia score than did rats fed soybean oil. However, none 
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of these results were statistically significant. In addition to the incidence of VT and VF, Isensee et 
al. 27 also examined the infarct size and the length of time in normal sinus rhythm. The results 
showed no difference in infarct size between rats fed a fish oil diet and those fed a linseed oil diet 
after 20 minutes of ischemia. The length of time in normal sinus rhythm was almost 50% longer in 
rats fed fish oil compared to rats fed  linseed oil. 

Indirect comparisons between omega-3 long chain PUFAs (EPA and DHA) and ALA based on 
meta-analysis are described in the Discussion (Chapter 4).  
 
Studies Comparing Pre-fed Omega-3 PUFAs to MUFAs 
 

One study 29 compared the anti-arrhythmic effects of PUFAs to those of MUFAs (see Evidence 
Table 1). In this study, rats that were fed EPA, DHA, or a mixture of EPA and DHA were 
compared to rats that were fed olive oil. All animals used in the study were male, spontaneously 
hypertensive strains (n=10 per group). All synthesized diets contained 5% total fat, which 
represented 12% of available energy as fat. The rats underwent a common surgical procedure to 
induce myocardial ischemia after eating synthetic diets for 5 weeks. Results showed that DHA and 
EPA plus DHA significantly reduced the incidence and severity of ventricular arrhythmias as 
indicated by the arrhythmia score; however, EPA alone had no effect. Ventricular fibrillation 
occurred in 80% of the rats who were fed olive oil, 70% of those fed EPA, 20% fed DHA, and 10% 
fed the mix of EPA plus DHA. Compared to the controls, the incidence of VF was significantly 
lower in the DHA-fed rats (P<.01) and in the rats fed the mix of EPA plus DHA (P<.01). However, 
VF was not significantly lower in rats fed the EPA diet. 
 
Studies Comparing Pre-fed Omega-3 PUFAS to Saturated Fatty Acids 
 

As shown in Table 3-1, we analyzed 5 studies that compared omega-3 PUFAs to saturated fatty 
acids. In each study, experimental and control oils were added to the animals’ basic diets in equal 
amounts (see Evidence Table 1). Therefore, all comparisons reflect iso-caloric intake from fat. 
Fish oils and sardine or mackerel oils were used as the source of omega-3 PUFAs in the 
experimental groups, while controls were fed coconut, lard, sheep peri-renal fat, or butter. The 
dosages of EPA plus DHA were 0.6g/100g 30, 2.9g/100g 31, 5.5g/100g 32 and 5%kcal 33,34. 
 

Effects on incidence of arrhythmia deaths. As shown in Table 3-14, deaths in 
ischemia-reperfusion- induced arrhythmias were monitored in 2 studies. In 1 study 33, rabbits fed 
fish oil corresponding to a dose of EPA plus DHA of 5.2g/100g were compared to controls fed 
coconut oil. The animals were fed for 12 weeks before arrhythmias were induced. In one arm of 
the study, animals were subjected to 10 minutes of ischemia followed by one hour of reperfusion. 
Three deaths (25%) were observed among the 12 rabbits fed fish oil, compared to three deaths 
(36%) among the 14 rabbits fed coconut oil. Two of the deaths in both groups occurred during 
reperfusion. In another arm of the study, rabbits were subjected to 1 hour of ischemia followed by 
4 hours of reperfusion. Six deaths (43%) were observed among the 14 rabbits fed fish oil, 
compared to 8 deaths (53%) in the 15 rabbits fed coconut oil. About 50% of the deaths occurred 
during ischemia and 50% occurred during reperfusion in both groups in this arm. 

In another study 30, 13 piglets were fed either 9%w/w lard fat (n=6) or 4.5%w/w mackerel oil 
plus 4.5%w/w lard fat (n=7) for 16 weeks. The corresponding dose of EPA plus DHA in the group 
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fed mackerel oil plus lard fat was 0.6g/100g. Defibrillation was unsuccessful in one piglet from the 
mackerel plus lard oil group. This piglet died of ventricular asystole during the fifth reperfusion. 
 

Effects on incidence of ventricular tachycardia. As shown in Table 3-15, 2 studies 
examined the incidence of VT in ischemia-reperfusion- induced arrhythmias. One of these studies 
was in rats 35, and 1 was in piglets 30. In the rat study, 7 (35%) of the 20 rats fed fish oil developed 
VT, compared to 14 (70%) of the 20 rats fed sheep peri-renal fat (P<.05).  

In the piglet study, the incidence of VT was 29% (n=7) and 17% (n=6) in piglets fed mackerel 
oil and lard fat, respectively. All VT events occurred during the ischemia procedure. 
 

Effects on incidence of ventricular fibrillation. As shown in Table 3-16, 3 studies examined 
the incidence of VF in ischemia-reperfusion- induced arrhythmias. Two of these studies were in 
rats 34,35 and 1 was in piglets 30. Both rat studies found a significantly reduced incidence of VF in 
ischemia-reperfusion- induced arrhythmias among rats fed fish oil compared to rats fed saturated 
fats. 

In the piglet study, the incidence of VF was 43% (n=7) in piglets fed mackerel oil, while no 
piglet fed lard fat developed VF in ischemia-reperfusion-induced arrhythmias. In the same study, 
programmed electrical stimulation was performed to induce VF in another 20 piglets, 10 in the 
mackerel-oil group and 10 in the control group. The incidence of VF was not reported, but VFTs 
were measured in control condition and during 15 minutes of ischemia. The threshold current for 
VF induction was reduced in all dietary groups during ischemia but remained significantly higher 
in the mackerel-oil- fed group than in the saturated-fat-fed group. 
 

Effects on ventricular premature beats. As shown in Table 3-17, 3 studies examined the 
number of VPBs in schemia-reperfusion- induced arrhythmias. One of these studies was in rabbits 
33, 1 was in piglets 30, and 1 was in rats 35. In the rat study, the number of VPBs during ischemia 
was significantly reduced among rats fed fish oil compared to rats fed sheep-perirenal fat. In the 
piglet study, the incidence of VPBs during ischemia did not differ between the groups. However, 
during reperfusion the piglets fed mackerel oil had  significantly fewer VPBs compared to  those 
fed lard fat. In the rabbit study, there were no significant differences in the incidence of VPBs 
between rabbits fed fish oil and those fed coconut oil during ischemia or reperfusion. However,  
rabbits that died from arrhythmias were excluded from the analyses, and more rabbits died in the 
control group than in the experimental group. Thus, the true effects were underestimated. 
 

Effects on arrhythmia scores or severity of arrhythmias. None of the studies that compared 
the arrhythmic effects of omega-3 PUFAs and saturated fatty acids reported arrhythmia scores as 
an outcome. 
 

Effects on infarct size . None of the studies that compared the arrhythmic effects of omega-3 
PUFAs and saturated fatty acids reported infarct size as an outcome. 
 

Effects on length of time in sinus rhythm. None of the studies that compared the arrhythmic 
effects of omega-3 PUFAs and saturated fatty acids reported length of time in sinus rhythm as an 
outcome. 
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Studies Comparing Pre-fed Omega-3 PUFAS to No Treatment Controls 
 

A total of 4 studies were included in this analysis (Table 3-1). As shown in Evidence Table 1, 
omega-3 PUFA oils were added to the diet of animals in the experimental groups, while controls 
were maintained on basic diets. As a result, energy intake from fat was higher in the experimental 
groups than  in the control groups.  Dogs were used in all studies. MaxEPA, menhaden oil, or EPA 
esters were used as the source of omega-3 PUFAs in the experimental groups, while controls were 
fed standard dog chows (Oriental Yeast Co. or Friskies® Dinner). The dose of EPA plus DHA was 
3.3%kcal 36 and 1.0g/100g 37 in the two fish-oil studies. The dose of EPA was 1.0g/100g in both of 
the EPA-ester studies 38,39. 

 
Effects on incidence of arrhythmia deaths.  Two studies 36,39 that evaluated the incidence of 

arrhythmia deaths (Table 3-18) compared dogs fed EPA and/or DHA to no treatment controls. In 
one study, no significant difference was found in the incidence of sudden death after 
induced-coronary thrombosis. 36 The other study found no deaths due to VF in the 10 dogs fed 
1.0g/100g EPA ester, although five VF deaths (33%) occurred in the 15 untreated control dogs 
(P<.05). 39. 
 

Effects on incidence of ventricular tachycardia and/or ventricular fibrillation. The 
incidence of VT and/or VF in induced arrhythmias was evaluated in a study of 30 dogs. 38.  Fifteen 
dogs were fed standard dog chow plus 1.0g/100g EPA ester for 8 weeks. Fifteen untreated control 
dogs were fed standard dog chow for 8 weeks. An ischemia- induced arrhythmia model was used in 
10 experimental dogs and 10 controls. A digitalis-induced arrhythmia model was used in 5 dogs 
from each group. A fatal dose of digoxin (0.025 mg/kg/min) was administrated intravenously over 
a 60-second period immediately after coronary artery ligation. 

There was no difference in the incidence of VF in ischemia between the  groups. Two dogs in 
each group (20% vs. 20%) developed VF within 3 hours after coronary ligation. All 10 dogs that 
underwent digitalis- induced arrhythmias developed VT or VF. However, the VT or VF did not 
occur until at least 25 minutes after the administration of digoxin in the dogs fed EPA ester, while 
the events occurred about 10 to 15 minutes within administration of digoxin in the untreated 
control dogs. 
 

Effects on ventricular premature beats. As shown in Table 3-19, 2 studies 36,38 examined the 
number of VPBs in induced arrhythmias. Both studies found that dogs fed EPA and/or DHA had 
fewer VPBs compared with untreated controls. 
 

Effects on arrhythmia scores or severity of arrhythmias. One study 38 evaluated the 
arrhythmia score in ischemia- induced arrhythmias (Table 3-19), and found that the arrhythmia 
score obtained within 3 hours after coronary ligation was significantly reduced by 
EPA-supplementation. Dogs fed EPA esters for 8 weeks had significantly less severe 
ischemia- induced arrhythmias than the no treatment controls (P<.01). 
 

Effects on infarct size. Infarct size, or size of the ischemic region, was evaluated in 3 studies 
(Table 3-19) 36,37,39. All 3 studies showed that dogs fed EPA and/or DHA had a decrease in the 
infarct size in either electrical-stimulation-induced or ischemia-reperfusion- induced arrhythmias 
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compared to untreated controls. However, areas at risk of arrhythmias were not significantly 
different between groups. 
 

Effects on length of time in sinus rhythm. None of the studies that compared the arrhythmic 
effects of omega-3 PUFAs vs. untreated controls reported length of time in sinus rhythm as an 
outcome. 
 
Anti-arrhythmic Effects of Free Omega-3 Fatty Acids  
 

Three studies examined the effects of intravenously infused omega-3 fatty acids on 
ischemia- induced or spontaneous arrhythmias (Table 3-20). The fatty acids were infused in their 
free form bound to albumin. Dogs were used in all studies. Controls received infusions of saline or 
buffer, or of soybean lipid emulsion with 7-8% ALA. Cardiac function was monitored by 
ventricular electrocardiography. Because cardiac response was similar among the control groups, 
data for control dogs were combined if 2 groups of controls were used. 
 

Effects on incidence of ventricular tachycardia and ventricular premature beats. One 
study 40 evaluated the incidence of VT in spontaneous arrhythmias in 8 dogs (Table 3-20). The 
dogs were first injected with control buffer. Data obtained after this injection served as controls. 
After all hemodynamic parameters had completely recovered, the same protocol was used to 
infuse the dogs with various doses of ALA: 1 mg/kg, 5 mg/kg, 10 mg/kg, 20 mg/kg, 30 mg/kg, or 
60 mg/kg. No VT or VPB events were observed when infusing the control buffer or when infusing 
up to 10 mg/kg of ALA. However, at doses of 20 mg/kg, 30 mg/kg, and 60 mg/kg of ALA, the 
incidence of VT was 13%, 38%, and 63%, respectively. The effects of ALA on the number of 
VPBs was similar. However, possible cumulative effects are of concern in this study since the 
experiments were not independent of one another. 
 

Effects on incidence of ventricular fibrillation. As shown in Table 3-20, 2 studies 41,42 
evaluated the incidence VF in exercise-plus-ischemia- induced arrhythmias. The results showed 
fish-oil emulsion, or albumin-bound EPA-, DHA-, or ALA-concentrates significantly reduced the 
incidence of VF.  

 
 

Whole-Animal Isolated Organ and Cell Studies 
 
In this section, we present the results of 21 studies that examined the effects of omega-3 fatty 

acids in isolated organs and cells from whole animals.  In these studies, omega-3 fatty acids were 
fed to whole, intact animals as part of their diet, and organs or cell tissues were subsequently 
excised from the animal for study. The effects of omega-3 fatty acids on the following parameters 
are discussed: contractile parameters, basoelectromechanical parameters, ion pumps and ion 
movements, ion currents, and ion channels. Tables 3-20 through 3-24 and Evidence Table 2 
contain the results for this section.  

  
 
 



 

29 

Contractile Parameters  
 

Eight studies evaluated the effect of diets enriched with omega-3 fatty acids on contractile 
parameters such as heart rate, contraction rate, contraction amplitude, diastolic and systolic cell 
length, percent cell length, post-rest potentiation, and cardiac work. All studies used rat models. 
The developmental stage of the rats, however, varied considerably (2 weanling; 2 young adults; 3 
adults; 1 aged).  See Table 3-21. 
 

Heart rate. Under ambient conditions and in the absence of any agent, 3 studies showed that 
fish oil or EPA/DHA supplementation did not change heart rate 43-45. One study showed that in the 
presence of the arrhythmogenic agent lipopolysaccharide (LPS), fish oil significantly decreased 
heart rate compared to a safflower oil diet 43. One study examined the effect of cod liver oil 
supplementation on heart rate under various conditions. In the absence of nor-adrenalin under high 
oxygenation, there was a significant decrease in heart rate, but there was no change in the presence 
of nor-adrenalin. In the presence of nor-adrenalin under hypoxic conditions, there was a significant 
decrease in heart rate. Upon re-oxygenation, there was no change. 46.  See Table a 3-21. 
 

Contractility. Two studies by the same author compared the effects of fish oil 
supplementation, safflower oil, and lard on contraction rate induced by isoproteronol (ISO) and 
free radical generating system (FRGS) 47,48. Both studies found a significant decrease in 
contraction rate among the fish oil group. Another study compared the effects of fish oil and 
safflower oil on force of contraction, maximum rate of rise of contraction, and maximum rate of 
relaxation. This study found no change in any of the parameters in the presence of saline, but found 
a significant increase in all parameters in the presence of lipopolysaccharide 43. One study 
measured force-velocity relationship characteristics following consumption of an N-3 fatty acid 
diet vs. an N-6 diet and showed no change 49. See Table 3-21. 
 

Ionotropic parameters. One study examined the effect of fish oil versus lard treatment on 
diastolic and systolic cell length, percent cell length, and post-rest potentiation, and showed no 
change in these parameters 48. Another study measured amplitude of contraction under various 
experimental conditions. In the absence of nor-adrenalin under high oxygenation, there was a 
significant decrease in amplitude of contraction, but there was no change in the presence of 
nor-adrenalin. In the presence of nor-adrenalin under hypoxic conditions, there was a significant 
decrease in amplitude. Upon re-oxygenation, there was no change 46. See Table 3-21. 

 
Cardiac work. One study compared the effects of linseed oil treatment and sunflower oil 

treatment on cardiac work and reported no difference between the two groups 50. See Table 3-21. 
 
Basoelectromechanical Parameters 
 

Three studies examined the effect of omega-3 fatty acids on basoelectromechanical parameters 
in whole animal isolated organs and cells. One study used a rat model and showed that 
supplementing a high fat diet with fish oil significantly reduced the ventricular effective refractory 
period 45. Another rat model study reported no change in developed or resting tension in the 
isolated perfused heart after cod liver oil supplementation 51. The third study used a rabbit model 
and showed no effect of dietary fish oil compared to safflower oil on the ventricular effective 
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refractory period, absolute refractory period, relative refractory period, or epicardial or 
endocardial monophasic action potential 52. 
See Table 3-22. 
 
Ion Pumps and Ion Movement  
 

Fourteen studies examined the impact of omega-3 fatty acid enriched diets on ion pumps and 
ion movement (IPIM) in whole animal isolated organs and cells. Three studies used mouse 
models, 8 used rat models, 1 used rabbit models, 1 used pig models, and 1 used a canine model.  
See Table 3-23. 

 
Pump activity. Eight studies examined either calcium-magnesium ATPase or 

sodium-potassium ATPase activity in isolated organs and cells from whole animals.  Among the 3 
studies that used mouse models, one study compared diets enriched with EPA ester or DHA to a 
diet containing safflower oil and found no change in sarcoplasmic reticulum calcium-magnesium 
ATPase activity with either the EPA ester or DHA ester diet 53Croset, 1989b]. A second mouse 
study compared a diet rich in fish oil to one rich in corn oil and found a significant decrease in 
sarcoplasmic reticulum calcium-magnesium ATPase activity with the fish oil diet54. The third 
mouse study showed that, compared to a standard chow diet, supplementation with graded doses 
of DHA ester did not affect calcium-magnesium ATPase activity in the SR, but  at low doses it 
significantly increased calcium-magnesium ATPase in the cardiac myocyte. At a higher dose, 
however, there was no change 55.  Two studies used a rat model. One compared a fish oil diet to a 
corn oil diet and used a graded dose of ATP and ionomycin, and measured sarcoplasmic reticulum 
calcium-magnesium ATPase, calcium ATPase, and magnesium ATPase. This study found 
significant decreases in these parameters 56.  A study using a canine model, reported significant 
increases in cardiac calcium-magnesium ATPase with EPA ester supplementation 38. Three 
studies (2 rat and 1 canine model) all reported no change in sodium-potassium ATPase activity 
with an omega-3 fatty acid diet, regardless of dosage or agent used 38,57,58. One study using a pig 
model reported significant increases in calcium pumping ATPase activity after consumption of a 
fish oil vs. a lard-enriched diet both under ambient and ischemia-reperfusion conditions 59. See 
Table 3-23. 
 

Cytosolic calcium influx. Two studies using rat models measured cytosolic calcium influx. 
One reported a significant increase in cytosolic calcium influx under ischemic conditions with a 
cod liver oil diet 51. Another study compared fish oil to canola oil and reported no change under 
ambient conditions in cytosolic calcium (Ca 2+) influx 60. See Table 3-23.  
 

Cytosolic calcium efflux. Only one study compared cod liver oil supplementation to a 
standard chow diet using a rat model under ischemic reperfusion cond itions. That study reported 
no change in cytosolic calcium efflux under ischemia reperfusion conditions 51. See Table 3-23. 
 

Cytosolic calcium content. Three studies using rat models examined the effect of fish oil 
supplementation on cytosolic calcium content. In comparison to an omega-6 or saturated fatty acid 
diet, fish oil supplementation demonstrated no effect under ambient conditions in any of the 
studies 32,33,47. Two of these studies examined the effect of fish oil under ischemic/reperfusion 
conditions. One study found no change 33, while the other reported a significant decrease in 
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cytosolic calcium content which was more pronounced in aged (vs. younger) rats 61. See Table 
3-23. 

 
Sarcoplasmic reticulum calcium content. Three studies (one mouse and two rat models) 

examined the effect of fish oil supplementation on sarcoplasmic reticulum calcium content. Two 
of the studies showed a significant decrease in sarcoplasmic reticulum calcium content. One of the 
2 studies compared ALA or EPA or DHA ester to a safflower oil control, while the other compared 
fish oil supplementation to a corn oil diet 53,56. The third study compared fish oil supplementation 
to a diet enriched with saturated fats and reported no difference in caffeine or 
2,4-Di-tert-butylhydroquinone (DBHQ)-induced alterations in sarcoplasmic reticulum calcium 
content with fish oil supplementation  compared to one enriched with saturated fats 47. See Table 
3-23. 
 

Sarcoplasmic reticulum calcium uptake. Two studies (one mouse and one rat model) 
compared the effects of fish oil supplementation  vs. corn oil on sarcoplasmic reticulum calcium 
uptake. Both studies showed a significant decrease in sarcoplasmic reticulum calcium uptake 
among rats receiving fish oil supplementation 54,56. Another study used a rat model to compare fish 
oil supplementation to a saturated fat diet. This study reported a significant increase in 
sarcoplasmic reticulum calcium exchanger or sarcoplasmic reticulum efflux induced by DBHQ or 
isoproteronol 47 among the rats receiving fish oil. One study comparing the effect of fish oil 
supplementation to a standard chow diet demonstrated no change in sarcoplasmic reticulum 
calcium transport activitiy using a rat model62. See Table 3-23. 
 
Ion Currents 
 

Two studies examined the effect of omega-3 fatty acid diet supplementation on ion currents in 
isolated organs and cells from whole animals. Both studies used rat ventricular myocytes, and both 
studies compared a fish oil diet to a high fat diet 48,63.  See Table 3-24. 
 

Sodium currents. One study measured sodium currents (INA) and reported no change in either 
activation or inactivation parameters 48. See Table 3-24. 
 

Transient outward currents. 
One study measured transient potassium outward currents (Ito) and reported no change in either 

activation or inactivation parameters 48. See Table 3-24. 
 

Voltage dependent L-type calcium current. One study measured voltage dependent L-type 
calcium current (ICa.L) and observed no change in activation parameters, inactivation parameters, 
or amplitude of voltage dependent L-type calcium current.63. See Table 3-24. 
 
Ion Channels 
 

Two studies evaluated the effect of omega-3 fatty acid diet supplementation on ion channels in 
whole animal isolated organs and cells. Rat models were used in both studies.  One of the studies 
measured in ventricular crude sarcolemma preparations the binding site affinity and affinity (Kd) 
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of [3H] nitrendipine for the calcium channels. There was no change reported in either Bmax  or Kd 
attributable to cod liver oil in adult rats. A similar result was observed in aged rats. When aged rats 
were compared to adult rats, there was a significanty lower Kd  in the aged rats 64. A second study 
comparing fish oil to a high fat diet assessed the binding characteristics of the phenylalkylamine 
(PAA) receptor with verapamil and those of the benzonthiazepine (BT) receptor with diltiazem 
and reported no change on the parameters of the calcium current-voltage (ICa–V) curves 63.  See 
Table 3-25. 

 
 
 

Isolated Organ and Cell Culture Studies 
 

In this section, we present the results of 39 studies that examined the effects of omega-3 fatty 
acids on isolated organs and cells extracted from whole animals. Twenty-nine of these studies used 
rat models, 1 used a mouse model, 2 used guinea pig models, 2 used dog models,  1 used a ferret 
model, 1 used a pig model, and 1 used a cat model. Two studies used both rat and guinea pig 
models. Tissues and organelles extracted for analysis included the whole heart, ventricular or atrial 
cardiomyocytes, sarcolemmal or microsomal vesicles, and myocardial or ventricular mitochondria.  
The omega-3 fatty acids tested in these studies included ALA, EPA, DHA, or their combination. 
The omega-3 fatty acids were applied either directly to the cell culture medium (free) or incubated 
with the cells to allow incorporation into membrane phospholipids (bound). Each row of the 
summary tables represents a comparison using the following factors: study, diet, free or bound fatty 
acid, dosage, experimental condition (ambient, hypoxia, reoxygenation) or agent used. Tables 3-26 
through 3-31 and Evidence Table 3 contain the results for this section. 
 
Contractile and Arrhythmogenic Parameters  
 

This section summarizes 22 studies that examined the effect of omega-3 fatty acids on 
arrhythmogenic and contractile parameters in isolated organs or cells. In 11 of these 22 studies, the 
omega-3 fatty acids were free, and in 9 studies the cells were bound with the fatty acids. Two 
studies employed both approaches. Nineteen studies used rat models, 2 used guinea pig models, 
and 1 used both a rat and guinea pig model.  See Table 3-26. 
 

Arrhythmias. Seven studies examined the effect of omega-3 fatty acids on arrhythmias. 
Arrhythmias were defined as spontaneous or asynchronous contractions induced by various 
agents. Four of the studies using rats were from the same group of collaborators and demonstrated 
that free EPA or DHA significantly prevented or terminated the proportion of arrhythmias induced 
by ouabain, calc ium, lysophosphatidylcholine (LPC), palmitoylcarnitine (PTC), or eicosanoids 
65-67,67,68.  Another study by the same collaborative group examined the effect of free and bound 
EPA or DHA in a rat model, and demonstrated that free but not bound omega-3 fatty acids were 
effective in terminating induction of arrhythmias 69. Another study using a rat model showed that 
bound DHA significantly decreased the proportion of arrhythmias induced by nor-adrenaline and 
timolol (TIM) 70.  A study using a guinea pig model showed that free EPA (sodium salt) at a low 
dosage did not have an effect on antigen- induced arrhythmia but produced a significant decrease in 
the proportion of induced arrhythmias at a high dosage 71.  See Table 3-26. 
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Contractility. Eighteen studies examined the effect of omega-3 fatty acids on contractility 
parameters such as contraction rate (spontaneous or induced), contraction frequency, electrical 
automaticity/excitability (EA) , diastolic length (DL), twitch amplitude (TA), velocity of 
shortening /diastolic length (VS/DL), and twitch size (TS) both in the presence and absence of 
several arrhythmogenic agents. Fourteen studies used rat models, 2 studies used guinea pig 
models, and 2 studies used both rat and guinea pig models. See Table 3-26. 

In 13 of these studies the effects of the omega-3 fatty acids were studied compared to a control 
group; in 1 study the comparison group was a saturated fatty acid, in 2 studies the comparison 
group was either control or an omega-6 fatty acid, and in 2 studies (by the same author) the 
comparison group was another omega-3 fatty acid. The results are discussed based on the 
comparison group and agent used. See Table 3-26. 

In the contractility studies that tested the effect of free ALA, EPA, DHA, or a combination 
compared to control in the absence of any agent, 3 showed no effect 65,72,73, while 3 showed a 
decrease 66,74,75. The following arrhythmogenic agents were examined: ouabain, nitrendipine, 
Bay8644 (BAY), isoproteronol, LPC, dibutyryl cyclic adenosine monophosphate (dBcAMP), 
eicosanoids, high extracellular calcium, and cholera toxin. All studies reviewed, regardless of 
species used, demonstrated a decrease in contractility or a protective effect of the omega-3 fatty 
acids in blocking the negative response induced by the agents 65-68,72,73,76,77,78. One study also 
showed that DHA blocked the inhibitory effect of nitrendipine on myocyte contraction but not the 
inhibitory effect of verapamil and diltiazem on myocyte contraction 65. See Table 3-26. 

One study examined the effect of free DHA versus the saturated fatty acids docosanoic acid 
and stearic acid in the presence of LPC or isoproteronol in a rat model and observed a significant 
decrease in both spontaneous and asynchronous contractility 79. Two studies examined the effect 
of a combination of either free ALA+EPA 73 or bound EPA+DHA 80 compared to an omega-6 fatty 
acid and found no difference in contractility in the absence of an arrhythmogenic agent.  In the 
presence of arrhythmogenic agents (isoproteronol and phenylephrine [PHE]), one study showed 
no effect of free ALA+EPA 73, while the other study observed a significant increase with bound 
EPA+DHA 80. See Table 3-26. 

In 2 studies 11,81 of bound EPA compared to bound DHA (omega-3 vs omega-3), there was no 
effect on frequency of spontaneous contractions in the absence of an agent or with PHE.  However, 
in the presence of an agent such as ISO or dBcAMP, bound EPA was significantly more effective 
than bound DHA in reducing the frequency of spontaneous contractions. See Table 3-26. 

Three studies also examined the effect of methylated (m.e.) or ethylated (e.e.) free EPA or 
DHA on contractility.  Two of these studies were performed using rat models and showed that free 
EPA e.e. in the absence of an agent, or free DHA m.e. in the presence of ISO, had no effect on 
contractility 66,76. The third study, which used a guinea pig model, showed that free DHA methyl 
ester (m.e.) significantly increased calcium-induced calcium release (CICR) contractions but not 
voltage-sensitive release mechanism (VSRM) contractions 82.  See Table 3-26. 

One study examined the effect of free DHA on DL, TA, and VS/DL in a rat model and showed 
no effect in the absence of an agent or ISO, but produced a blockade with the addition of 
nitrendipine or BAY 61. See Table 3-26. 

Two studies examined the effect of omega-3 fatty acids on twitch size, and both used rat and 
guinea pig models 77,83. A decrease in twitch size with free EPA and/or free DHA was observed in 
both guinea pig studies. In the studies using rats, 1 study observed an increase in twitch size with 
EPA or DHA at concentrations between 1-7.5µm, and decreases in twitch size with concentrations 
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>10µm 83. In the other rat study, 5 µm of EPA significantly decreased twitch size 77.  See Table 
3-26. 
 

Inotropic parameters. Three studies examined the effect of omega-3 fatty acids on inotropic 
parameters. One study using a rat model reported that neither free EPA nor DHA had an effect on 
amplitude of contraction 66.  Free EPA significantly increased resting cell length in another study 
using a rat model 74. A third study using bound EPA with a rat model showed no change in 
amplitude but a significant increase in amplitude with ouabain 72. See Table 3-26. 
 

Other contractility parameters. Seven studies using rat models (3 by the same 
investigator11,81,84 examined the effect of bound omega-3 fatty acids on the following contraction 
parameters: contraction coupling delay (tC20), contraction duration at 20% relaxation (CD20), 
contraction duration at 80% relaxation (CD80), relaxation time (-Cmax), and cell shortening 
velocity (+Cmax). See Table 3-26. 

Two of these studies examined  the effect of bound omega-3 compared to bound omega-6 fatty 
acids under  3 conditions — ambient, hypoxia, and reoxygenation —  and showed no effect on the 
contractility parameters that were investigated 85.  Four studies (2 from the same laboratory) 
compared bound EPA to DHA and found no difference in their effects on CD20, CD80, –Cmax, and  
+Cmax, regardless of the agents used to induce arrhythmia 80,81,84,86. One study compared bound 
ALA+EPA to omega-6 fatty acids and reported no difference in CD80 and –Cmax but found a 
significant increase in +Cmax 73 with ALA+EPA. The presence of ISO did not alter the effect of 
ALA+EPA on these parameters.  See Table 3-26. 
 
Basoelectromechanical Parameters 
 

This section summarizes 9 studies (4 from the same group of collaborators) 11,84-86 that 
examined the effects of omega-3 fatty acids on basoelectromechanical parameters in isolated 
organs and cells. Seven of these studies used rat models. One study used both a rat and guinea pig 
model, and 1 used a cat model.  Free omega-3 fatty acids were used in 3 rat studies, in the study 
using both rat and guinea pig models, and in the study using the cat model. Bound omega-3 fatty 
acids were used in 4 of the studies using rat models. See Table 3-27. 

The single study that used a feline model examined the effect of free ALA on four basal 
electric parameters not measured by any of the other researchers — intra-atrial conduction time, 
atrioventricular conductance time, atrial functional refractory period, and functional refractory 
period of the atrioventricular conducting system 87. No changes were observed in any of these 
parameters. See Table 3-27. 
 

Action potential. Six studies using rat models examined the effect of omega-3 fatty acids on 
the action potential. One reported an increase 88 with free EPA compared to a control, while 
another study, also using free EPA, reported a significant decrease in both the action potential and 
the frequency of the action potential 89. See  Table 3-27. 

In the presence of 3 different agents (sodium and timolol [TIM], isoproteronol, and ouabain), 
bound DHA was shown to significantly decrease the action potential compared to control. No 
change was observed in the absence of an agent 70. Two studies compared bound synthesized 
medium for omega-3 group (SM3) to bound synthesized medium for omega-6 group (SM6) and 
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reported no change in the action potential under ambient, hypoxic, and reoxygenated conditions 
84,85. See Table  [3-27]. 

A study that compared bound EPA to bound DHA also found no difference in effect 86.  See 
Table 3-27. 

 
Action potential amplitude. Seven studies examined the effect of omega-3 fatty acids on the 

amplitude of the action potential. All studies used rat models. Two studies showed that 5-10µM of 
free EPA and/or DHA did not affect the action potential amplitude (APA) compared to control 
88,89, but concentrations >10-50 µM showed a significant decrease 88. One study compared the 
effect of bound DHA relative to control and reported a significant increase in action potential 
amplitude using EPA 70. See Table 3-27. 

Two studies examined the effects of omega-3 fatty acid combinations (SM3) versus omega-6 
fatty acids (SM6), under varying conditions. Both showed no change in APA under ambient 
conditions and a significant decrease in APA under hypoxic conditions. Under the reoxygenation 
condition, however, the results differed; one study reported no change 85 and the other reported a 
significant increase in action potential amplitude 11.  See Table 3-27. 

Two studies compared the effect of bound EPA to bound DHA and found that EPA 
significantly increased APA compared to DHA 11,86.  See Table 3-27. 
 

Action potential duration at 40% depolarization. Four studies using rat models examined 
the effect of omega-3 fatty acids on the action potential duration at 40% polarization. One study 
reported an increase in this parameter in the presence of both free EPA and free DHA compared to 
control 88.  See Table 3-27. 

Two studies compared bound SM3 to bound SM6 under varying experimental conditions, 1 
reported no change under all 3 conditions 84, while the other reported a significant decrease in 
action potential duration at 40% polarization under hypoxic conditions with SM3, but no change 
under ambient or reoxygenation conditions for 85.  See Table 3-27. 

One study comparing bound EPA to bound DHA did not find a differential effect on this basal 
electromechanical parameter 86. See Table 3-27. 
 

Action potential duration at 80% depolarization. Five studies using rat models and 1 study 
using both a rat and guinea pig model examined the effect of omega-3 fatty acids on the action 
potential duration at 80% polarization (APD80). One study using free EPA (10µM) compared to 
control, reported a significant decrease in the action potential duration 89. Similarly, another study 
reported a dose dependent decrease in action potential duration at 80% polarization with EPA 
concentrations >10µM but an increase with EPA concentrations between 1-7.5µM 83. The same 
authors also used a guinea pig model and reported that EPA was effective in decreasing action 
potential duration at 80% polarization at concentrations between 1-20µM. See Table 3-27. 

Two studies compared bound SM3 to bound SM6 under varying experimental conditions, 1 
reported no change under all 3 conditions 84, while the other reported a significant decrease in 
action potential duration at 80% polarization under hypoxic conditions, but no change under 
ambient or reoxygenation conditions 85. See Table 3-27. Two studies compared bound EPA to 
bound DHA and observed no effect on the action potential 11,86. See Table 3-27. 
 

Maximum rate of depolarization. Six studies using rat models examined the effect of 
omega-3 fatty acids on the maximum rate of depolarization (VMAX) of the action potential. One 
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study showed a decrease in Vmax  with either free EPA or free DHA compared to control 88. See 
Table 3-27. 

Two studies compared bound SM3 to bound SM6 under varying experimental conditions. One 
reported no change under any of the 3 conditions 84, while the other reported a significant increase 
in Vmax under ambient conditions, but observed no change under either hypoxic or reoxygenated 
conditions 85.  See Table 3-27. 

Two studies compared bound EPA to bound DHA and found no difference in VMAX 11,86.  See 
Table 3-27. 
 

Maximum diastolic potential.Four studies using rat models examined the effect of omega-3 
fatty acids on the maximum diastolic potential (MDP). See Table 3-27. 

Two studies compared bound SM3 to bound SM6 under varying experimental conditions, and 
observed that SM6 did not affect MDP under ambient and hypoxic conditions 84,85. However, 
under reoxygenation conditions, one study showed an improvement 85 while the other showed no 
change 84.  Two studies compared bound EPA to bound DHA and both reported no change in MDP 
11,86.  See Table 3-27. 

 
 Overshoot potential. Four studies (all by the same collaborative group) using rat models 
examined the effect of omega-3 fatty acids on the overshoot potential (OS). A study comparing 
bound SM3 to bound SM6 reported no effect on OS 85. Another study also compared bound SM3 
to SM6 but under varying experimental conditions, and found that SM3 did not affect OS 
differently from SM6 under ambient conditions, but significantly decreased OS under hypoxic 
conditions and significantly increased OS during reoxygenation 84. See Table 3-27. Two studies 
comparing bound EPA to bound DHA reported that EPA significantly increased OS compared to 
DHA 11,86. See Table 3-27. 
 
 Other basoelectromechanical parameters . In a cat model infusion of ALA in the presence of 
indomethacin there was no change in the following basoelectrical parameters such as AC, AVC, 
ARP, and AVRP. 
 
Ion Pumps and Ion Movements 
 

This section summarizes 13 studies that examined the effects of omega-3 fatty acids on ion 
pumps and ion movements in isolated organs and cells. In 10 of these studies, the omega-3 fatty 
acids were applied directly in free form, and in 2 studies the cells were incubated with the fatty 
acids to allow incorporation into membrane phospholipids (bound). In 1 study both approaches 
were used. Nine studies used rat models, 2 used canine models, 1 used a pig mode1 used both a rat 
and guinea pig model. See Table 3-28. 
 

Pump activity. One study, which used a rat model, examined the impact of bound EPA on 
pump activity (sodium-potassium ATPase). This study reported no effect in the presence of 
ouabain or bumetanide (BUME), or with a combination of these two agents 72. See Table 3-28. 
 

Cytosolic calcium influx. Three studies examined the effect of omega-3 fatty acids on 
cytosolic calcium influx.  The first used a rat model and reported that free EPA decreased cytosolic 
calcium influx 90.  In the second study, free DHA blocked the effect of nitrendipine and BAY on 
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cytosolic calcium influx 61.  Another study using a rat model examined the effect of bound EPA or 
bound DHA in the presence of several agents and found that DHA blocked the ouabain- induced 
increase in cytosolic calcium influx. Both EPA and DHA blocked the nitrendipine (NIT)-induced 
decrease, ouabain+nitrendipine- induced decrease, BAY+nitrendipine- induced decrease, and the 
BAY-induced increase in cytosolic calcium influx 65.  See Table 3-28. 
 

Cytosolic calcium efflux. One study using a rat model examined the effect of free EPA on 
cytosolic calcium efflux in the presence of either calcium or caffeine and demonstrated no effect 
90.  See Table 3-28. 
 

Cytosolic calcium content. Seven studies examined the effect of omega-3 fatty acids on 
cytosolic calcium content.  One study directly compared the effect of acute and chronic exposure 
to free DHA on cytosolic calcium content91. This study showed that both acute and chronic 
exposure to DHA were effective in decreasing the magnitude of increase in cytosolic calcium 
content induced by an agent (potassium chloride [KCl]) or under an anoxic condition. See Table 
3-28. 

While 2 o f the studies 74,90 showed that free EPA decreased cytosolic calcium content, the other 
4 studies showed that neither free nor bound EPA or DHA had an effect on cytosolic calcium 
content 61,72{Vitelli, 2002 100059 /id}78. In the presence of various agents (NIT, BAY, ISO, KCl, 
Endothelin-1, Ca2+ free Krebs Ringer bicarbonate buffer [KRB], Doxorubicin [DXR] and 
caffeine), free or bound EPA and DHA blocked the alterations in cytosolic calcium induced by 
these agents. See Table 3-28. 
 

Sarcoplasmic reticulum calcium content. Only 1 study using a rat model examined the 
effect of free EPA on sarcoplasmic reticulum calcium content and reported an increase in the 
presence of caffeine 74. See Table 3-28. 
 

Sarcoplasmic reticulum calcium uptake. No studies were identified that specifically stud ied 
the effect of omega-3 fatty acids on sarcoplasmic reticulum uptake of calcium. See Table 3-28. 
 

Sarcoplasmic reticulum calcium release. Two studies examined the effect of omega-3 fatty 
acids on sarcoplasmic reticulum calcium release. One of these studies used both rat and guinea pig 
models and found that free EPA significantly decreased the sarcoplasmic reticulum calcium 
release 77.  Another study using a rat model found that free DHA increased sarcoplasmic reticulum 
calcium release in the presence of DXR and caffeine 92. See Table 3-28. 
 

Sodium-calcium and sodium-hydrogen exchangers. There were 3 studies that examined the 
effect of omega-3 fatty acids on sodium-calcium and sodium-hydrogen exchange. Two of these 
studies used a canine model and were by the same investigator. Both reported that free ALA 
increased sodium-calcium exchange. The other study used a pig model and showed that free ALA 
did not affect sodium-hydrogen exchange 93,94. However, there was a dose-dependent decrease 
attributable to EPA at 50 and 100µM, but not at 10 and 25µM. DHA also decreased the 
sodium-hydrogen exchange. See Table 3-28. 
 

Other ion pump and ion movement outcomes. One study using a rat model showed that free 
EPA decreased calcium transients 95. Two studies by the same investigator using canine models 
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showed a significant increase in passive sarcoplasmic reticulum calcium efflux attributable to free 
ALA 93,94. One study using a pig model showed that free EPA or free DHA had no impact on 
passive sodium influx 96. See Table 3-28. 
 
Ion Currents 
 

This section describes 12 studies that examined the effect of free omega-3 fatty acids on ion 
currents in isolated organs or cells; 1 study used a mouse model, 7 of the studies used rat models; 1 
used a guinea pig model, 1 used a ferret model, and 2 used both rat and guinea pig models. See 
Table 3-29. 
 

Sodium current. Three studies examined the effect of free omega-3 fatty acids on sodium 
current parameters (INa) including amplitude, the current-voltage relation, and activation and 
inactivation parameters. The first study, using a rat model, demonstrated a significant shift to more 
positive potentials in the voltage dependence of activation, and a significant shift to more negative 
potentials in the inactivation of the sodium current, using ALA, EPA, or DHA 97. A study using 
both rat and guinea pig models found a dose-dependent decrease in peak amplitude of the sodium 
current with both EPA and DHA 83.  In another study using a rat model, a significant time, dose, 
and voltage-dependent decrease of the sodium current was observed using ALA, EPA, or DHA. 
There was, however, no change in the current-voltage relationship and activation or inactivation 
parameters of the sodium current 98. See Table 3-29. 
 

Transient potassium outward current. Four studies examined the effect of free omega-3 
fatty acids on transient potassium outward current (Ito) parameters, including amplitude, 
frequency, and the time constant of transient potassium outward current. The first of these studies 
used a rat model and showed that both EPA and DHA decreased Ito amplitude and the time 
constant of Ito inactivation, and increased the Ito delay 88.  The presence of indomethacin did not 
modify this effect, suggesting that the effects of the omega-3 fatty acids are not related to their 
cyclo-oxygenase products. In the second of these studies using a rat model, there was a dose 
dependent decrease in Ito83 . In the third study, which also used a rat model, EPA significantly 
decreased the frequency and significantly increased the amplitude of I to 90.  In the last study, which 
used ferrets, ALA, EPA, or DHA significantly decreased Ito amplitude (ALA<EPA<DHA) 99. See 
Table 3-29. 
 

Voltage dependent L-type calcium current. Six studies examined the effects of free 
omega-3 fatty acids on the voltage dependent L-type calcium ICa.L currents. Using a rat and guinea 
pig model, one study found there was a  dose-dependent decrease in voltage dependent L-type 
calcium current with both EPA and DHA 83. Similarly, in a rat and guinea pig model study 
comparing EPA to standard chow, there was a significant decrease in voltage dependent L-type 
calcium current 77.  In a rat model study, both EPA and DHA decreased the amplitude of voltage 
dependent L-type calcium current 74. In a study examining the effect of various agents on voltage 
dependent L-type calcium current, DHA increased the amplitude of the current in the presence of 
nitrendipine.  DHA also blocked the BAY K8644-induced increase in voltage dependent L-type 
calcium current  amplitude, but did not change the amplitude in the presence of isoproteronol or in 
the absence of an agent 61. In another study using a rat model, significant time, dose, and 
voltage-dependent decreases in voltage dependent L-type calcium current  were observed in the 
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presence of ALA, EPA, or DHA, along with a negative shift in the voltage dependent L-type 
calcium current  inactivation curve 95.  In a study of guinea pigs using methylated DHA, a 
significant increase in voltage dependent L-type calcium current  was observed 82. See Table 3-29. 
 

Delayed rectifier potassium current. Two studies examined the effect of free omega-3 fatty 
acids on delayed rectifier potassium current (IK). One study observed a decrease in IK using EPA in 
both rat and guinea pig models 83, and the other study, using a ferret model, also showed a 
significant decrease with either ALA, EPA, or DHA 99. See Table 3-29. 
 

Inward rectifier potassium current. Four studies examined the effect of free omega-3 fatty 
acids on inward rectifier potassium current (IKI). One study using a mouse model showed no effect 
of DHA 100. Another, using a rat model, showed no effect of either EPA or DHA 88. A third study 
using EPA with rat and guinea pig models showed a decrease in rectifier potassium current 83 . The 
ferret model study showed no change using ALA, EPA, or DHA 99. See Table 3-29. 
 

Ultra rapid potassium current. Two studies examined the effect of free omega-3 fatty acids 
on ultra rapid potassium current (IKUR ). One using a mouse model showed a significant decrease in 
IKUR with 30µM of DHA100. The other study, using a rat model, showed a significant decrease in 
IKUR at dosages above 20µM of EPA or DHA but no effect with an EPA dose of 5-10µM 88. See 
Table 3-29. 
 
Ion Channels 
 

Three studies examined the effect of omega-3 fatty acids on ion channels in isolated organs or 
cells; 1 study used a mouse model 100 and 2 used rat 65,101. In the mouse model study, the 
investigators examined the effect of free DHA on activity of the cloned Kv1.5 potassium channel, 
and observed that while DHA significantly blocked this activity, free ALA had no effect. See 
Table 3-30. 

One of the rat model studies examined nitrendipine binding to putative dihydropyridine- 
sensitive calcium channels and reported that both bound EPA and bound DHA significantly 
decreased both the high and low affinity binding sites (Bmax) as well as the Kd values of those 
binding sites. With DHA, the high affinities were so diminished that they were undetectable 65.  
The other study using a rat model examined the effect of bound EPA on the number of sodium 
channels per cell and showed no change; however, the combination of EPA with mexiletine 
significantly reduced the number of sodium channels and blocked the mexiletine- induced increase 
in sodium channel expression 101.  See Table 3-30. 
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Chapter 4. Discussion 
 
Through this evidence review, we have examined whole animal studies, whole animal isolated 

organ and cell studies, and isolated organ and cell culture studies to determine the effects of 
omega-3 fatty acids on arrhythmogenic outcomes and on myocardial cell organelles involved in 
cardiac electrogenesis. In this chapter, we discuss main findings from the studies and highlight 
study limitations and opportunities for future research. Findings from whole animal studies are 
discussed first, followed by whole animal isolated organ and cell studies and isolated organ and 
cell culture studies. 

 
 

Whole Animal Studies 
 

Based on the meta-analyses of the incidence of total deaths, ventricular tachycardia, and 
ventricular fibrillation in ischemia- and/or reperfusion- induced arrhythmias, we conclude that fish 
oil supplementation has anti-arrhythmic effects in the rat model when compared to omega-6-fatty 
acid supplementation. Our findings are summarized in the following table: 

 
Table 4.1  Comparisons of fish-oil to Omega-6 supplementation 

Experiment 
Conditions 

Outcome
s 

Animal 
models 

Omega-
3 Arms 

Doses of 
EPA+DHA 
(g/100 g) 

# Compar- 
isons 

[# Studies] 

# 
Animal

s 

Combined 
RR a (95% CI) 

ALA oils 0.4 - 1.2 5 [2] 133 1.2 
(0.51-2.6) 

Ischemia 
reperfusion- 

induced 
arrhythmias  

Incidence 
of total 
deaths  

Rats 

Fish oils  1.1 - 3.7 7 [6] 169 0.47 b 
(0.23-0.93) 

ALA oils 0.4 - 5.2 4 [3] 112 0.82 
(0.65-1.0) Ischemia-induced 

arrhythmias  

Incidence 
of 

ventricular 
tachy- 
cardia 

Rats 
Fish oils  2.1 - 3.7 6 [6] 136 0.49 

(0.29-0.83) 

ALA oils 1.1 - 5.2 3 [2] 76 0.95 
(0.56-1.6) Ischemia-induced 

arrhythmias  

Incidence 
of 

ventricular 
fibrillation 

Rats 
Fish oils  2.1 - 3.7 5 [5] 100 0.21 

(0.07-0.63) 

ALA oils 0.4 - 1.2 5 [2] 125 1.1 
(0.73-1.6) Reperfusion- 

induced 
arrhythmias  

Incidence 
of 

ventricular 
tachy- 
cardia 

Rats 
Fish oils  2.6 - 3.7 6 [5] 132 0.68 

(0.50-0.91) 

ALA oils 0.4 - 5.2 6 [3] 144 0.84 
(0.52-1.3) Reperfusion- 

induced 
arrhythmias  

Incidence 
of 

ventricular 
fibrillation 

Rats 
Fish oils  1.2 - 3.7 8 [7] 168 0.44 

(0.25-0.79) 

a Random-effect model 
b The significantly reduced risk ration of deaths was due to a single study. After removing the study, the combined risk ratio of 
deaths became 0.64 (0.19-2.1) 
g= grams 
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Fish oil supplementation in rats showed significant protective effects for ischemia- and 
reperfusion- induced arrhythmias by reducing the incidence of ventricular tachycardia and 
fibrillation. The anti-arrhythmic effects seemed stronger in ischemia- induced arrhythmias than in 
reperfusion- induced arrhythmias.  No beneficial effects related to ischemia- and/or 
reperfusion- induced arrhythmias were found for alpha linolenic acid (ALA 18:3 n-3)  
supplementation in the rat model when compared to omega-6-fatty acid supplementation (Table 
4-1). Results were consistent in the 2 studies directly comparing the anti-arrhythmic effects of 
ALA oils to fish oils. The incidence of total deaths, ventricular tachycardia, and ventricular 
fibrillation were lower in  rats fed fish oil than in rats fed soybean or linseed oils (Table 3-11). 

In monkey models, fish oil supplementation was found to prevent deaths in ischemia- and 
isoproterenol- induced arrhythmias in one study (Table 3-4). In addition, 3 studies examined 
ventricular fibrillation threshold and the incidence of ventricular fibrillation in induced 
arrhythmias. No anti-arrhythmic effects were seen in normal and ischemic conditions. There was a 
non-significant reduction in the incidence of ventricular fibrillation, and an increase in ventricular 
fibrillation threshold, in isoproterenol- induced arrhythmias among monkeys fed fish oils 
compared to monkeys fed sunflower seed oil (Table 3-9). 

One study compared hypertensive rats fed EPA, DHA, or a mixture of EPA plus DHA, to rats 
fed monounsaturated fatty acid. This study showed a significantly reduced incidence of ventricular 
fibrillation in rats fed DHA or EPA plus DHA, but no significant reduction in rats fed EPA alone 
29. 

In contrast to studies of rats fed saturated fatty acids, 5 studies showed consistent protective 
effects on ischemia- and/or reperfusion- induced arrhythmias in rats, rabbits or pigs fed fish oils, 
although again the results were not statistically significant for most comparisons (Table 3-12 to 
Table 3-15). Similar results were found in 4 studies that compared dogs fed fish oil or EPA esters 
to no treatment controls (Table 3-16 to Table 3-17). 

Summarizing the results from studies that compared pre-fed fish oil to pre-fed omega-6 fatty 
acids, monounsaturated fatty acids, saturated fatty acids, or no treatment controls across various 
species (rats, monkeys, dogs, rabbits, and pigs), we conclude that fish oil supplementation might 
have anti-arrhythmic effects when compared to omega-6 or monounsaturated fatty-acid 
supplementation. The anti-arrhythmic effects were apparent when animals fed fish oil were 
compared with those fed saturated fatty acids or with no treatment controls. In most of the studies 
that showed a non-significant reduction in the incidence of death, ventricular tachycardia, and 
ventricular fibrillation, the lack of significance was likely due to lack of statistical power. Only one 
study 35 reached the minimum group size to detect a 50% reduction in arrhythmic effects, as shown 
in Table 4.2: 

 
Table 4.2  Minimum group size to detect a 50% reduction in ventricular fibrillation 

Control group incidence in 
ventricular fibrillation 

Group size* 
(N) 

90 14 
80 20 
70 28 
60 40 
50 73 
40 100 

*  Assuming two equal groups, a power of 80% to show the arbitrarily selected “physiologically” significant effect at P=.05 Adapted 
from Riemersma et al. 102. 
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A total of 3 infusion studies were found. Two studies, both by the same author, reported 
“acute” anti-arrhythmic effects for albumin-bound ALA, EPA plus DHA, and fish oil emulsion in 
the dog model 41,42. However, the study author was concerned about potential toxic effects of 
intravenously infused fish oil emulsion and discussed an example in which 10 g of albumin would 
expand the intravascular volume acutely by some 20% in a 20-kg dog, which might induce acute 
congestive heart failure. The other study found ALA emulsions increased ventricular premature 
beats and ventricular tachycardia in dogs (Table 3-18). The mechanisms of the observed 
anti-arrhythmic effects of albumin-bound ALA, EPA plus DHA, or fish oil emulsion are still 
unknown. Therefore, we conclude that the arrhythmic effects for albumin-bound ALA, EPA, 
DHA, and, fish oil emulsion is unknown. Also, there is some concern about potential toxic effects 
of the emulsions. 
  
Study Quality 
 

In human clinical trials, randomization, allocation concealment, blinding of investigators and 
subjects, and adequate sample size are recognized as key factors that might affect the quality of the 
study and reliability of the study results. Most of these factors could be implemented in whole 
animal studies, but might not be relevant to cell culture studies. A series of guidelines for the study 
of arrhythmias in ischemia, infarction, and reperfusion provide some insights on the quality of 
whole animal studies included in this review 14. Following is a summary of their conclusions for 
how to conduct research on the mechanisms of arrhythmias in animal studies: 

• Randomization of treatment and blinded analysis are essential. 

 
• No species or model is ideal. All species and models have their limitations. Thus, multiple 

species and models should be sought. 
 

• Comprehensive background information on animals must be reported. This should include the 
animal source, strain, sex, age, body weight, housing condition (diet, light/dark cycle, 
number of animals per cage), and experimental environment (ambient temperature, time of 
day, and season). 

 
• Controls should be contemporary and preferably be equal in group size to the intervention 

groups. 
 

• Exclusion criteria must be determined before the start of an experiment, stated explicitly, and 
applied in a blind manner. Animals excluded from a study, and the reasons for their 
exclusion, must be reported. 

 
• Treatments (e.g., the compositions of experimental and control diets) and outcome measures 

should be clearly defined and reported. Experimental models should be independent of each 
other. 

 
Of the 26 whole animal studies, only 3 studies explicitly reported the randomization to 

treatment, and no study reported blinded analyses. Animal characteristics and housing conditions 
were described in most studies; however, cross-referencing to the prior papers is common. 
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Contemporary controls were used in all but monkey and infusion studies. Exclusion criteria were 
rarely used. 
 
Limitations and Future Research 
 

Because meta-analysis is based on published studies, it is limited by its observational design. 
In order to increase statistical power, our meta-analyses combined the same species of animal but 
different strains (eg. Wistar rats and Sprague-Dawley rats) across different age groups of animals. 
This could introduce “noise” for the observed effects. Although the random-effects model takes 
the variability between studies into account, the relative risks of the arrhythmic outcomes are 
based on summary statistics without access to primary data of individual studies. The observed 
effects from meta-analyses were therefore not adjusted for other factors that could affect the 
outcomes, such as the amount of saturated, monounsaturated, or omega-6 fatty acids in animals’ 
diets. We tried to minimize the confounding factors by choosing the optimal comparison from 
each study (Methods section), so that all comparisons in the meta-analyses were iso-caloric and 
had minimum differences in the fatty-acid compositions in the diets. However, the fatty-acid 
compositions in the diets were not totally controlled due to different sources of added fats between 
groups. These factors could be adjusted using a statistical method developed by Fay et al. 103, but 
the subjects included in the analyses should be homogeneous except for differences in the 
controlled factors. This method has been used in a meta-analysis on the effect of different types 
and amounts of fat on the development of mammary tumors in rodents 104,105. 

Even though 26 whole animal studies were identified, about 70% of studies included in the 
meta-analyses are from the same group of collaborating researchers, such as M. Abeywardena, J. 
Charnock, and P. McLennan. This is one of the reasons for the standardization of arrhythmic 
outcome measures. The results reported from a single laboratory should be independently verified 
by another. More research from various laboratories on potential mechanisms for the effects of 
omega-3 fatty acids on arrhythmia is needed. 

 
 

Whole-Animal/Isolated Organ and Cell Studies 
 

Contractile Parameters  
 

Eight studies evaluated the effect of diets enriched with omega-3 fatty acids on various 
contractility parameters.  Four studies examined the impact of omega-3 fatty acids on heart rate.  
No definitive conclusion can be drawn from these studies due to the limited number of studies and 
because they each compared different diets and used different experimental conditions. Only 4 
studies (2 by the same author) examined the effect of omega-3 diets on contractility parameters, 
and these studies produced conflicting results. Therefore, definitive conclusions cannot be drawn.  
There were only 2 studies of inotropic effects, and their use of different inotropic parameters 
precludes comparison. No inference regarding cardiac work is possible, since only one study 
examined the impact of linseed oil on this inotropic parameter.  
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Basoelectromechanical Parameters 
 

Only 3 studies evaluated the effect of diets enriched with omega-3 fatty acids on 
basoelectromechanical parameters. No strong inference is possible because of the small number of 
studies and the inconsistent results across the species studied (rats and rabbits). 
 
Ion Pumps and Ion Movement 
 

Fourteen studies examined the impact of omega-3 fatty acid diets on IPIM. Of the 8 studies 
that examined pump activity, 5 addressed calcium-magnesium ATPase activity. 3 of these were  
from the same laboratory. The results of the 3 related studies varied with the type of omega-3 fatty 
acid used and the comparison group. The other 2 studies showed an increase in 
calcium-magnesium ATPase activity. In contrast, there was consistency among results from 3 
independent groups that studied sodium-potassium ATPase activity, with each of these groups 
finding no change attributable to omega-3 fatty acids. Inferences about cytosolic calcium influx 
are limited by the small number of studies and the use of different comparison groups.  Similarly, 
there was only a single study o f cytosolic calcium efflux. There were only 3 independent studies of 
cytosolic calcium content (with one examining the effect of animal age), but they were consistent 
in observing no change in this parameter. However, under ischemic-reperfusion conditions, results 
were contradictory. 

Two of 3 studies examining the effect of fish oil diet supplementation on sarcoplasmic 
reticulum calcium content showed a decrease, with the other reporting no change in this parameter. 
Inferences are limited, however, due to the small number of studies.  There was only one study of 
sarcoplasmic reticulum calcium release, 1 of sarcoplasmic reticulum calcium transport activity, 1 
of the sarcoplasmic reticulum calcium exchanger or efflux,and 2 of sarcoplasmic reticulum 
calcium uptake. Although the latter 2 showed consistent decreases in uptake, the small number of 
studies limits inference. 
 
Ion Currents 
 

Only 2 studies examined the effect of omega-3 fatty acid dietary supplementation on ion 
currents. One of the studies examined sodium current (INa ) and transient outward potassium 
current (Ito), and the other measured voltage dependent L-type calcium current . No change was 
observed in these parameters, but no inferences can be made due to the small numbers of studies. 
 
Ion Channels 
 

There were only 2 studies of ion channels. Although both examined the effect of an omega-3 
fatty acid enriched diet on the calcium channel, they examined different parameters and are 
therefore not comparable.  
 
Summary of Areas for Future Research 
 
 Table 4.3 summarizes areas for future research in whole animal and isolated organ and cell 
culture studies by showing the fatty acids tested, the number of studies of each parameter,  and a 
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rough assessment of the degree of consistency of study results. In general, it shows that there were 
small numbers of studies for most parameters and inconsistent results, as well as areas where no 
studies at all were identified. 
 
 

Isolated Organ and Cell Culture Studies 
 

Contractile Parameters and Arrhythmias 
 

All 7 studies of arrhythmia in isolated organs and cell cultures showed that omega-3 fatty acids 
(predominantly EPA and DHA, but in one instance ALA) appear to have a protective effect against 
spontaneous or induced arrhythmias in both rat and guinea pig models. However, it must be noted 
that 4 of the 7 studies were from the same collaborative group. Additionally, one study 69 seemed 
to indicate that the omega-3 fatty acids must be in the free and not the bound form (we termed the 
former ‘free’ fatty acids and the latter as ‘bound’ fatty acids) to exert its protective effect, but this 
finding was contradicted by another study which observed a significant decrease in the proportion 
of induced arrhythmias with bound DHA. In the guinea pig model, there appears to be a dosage 
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TABLE 4.3 Areas for future research: Whole animal and isolated organ and cell culture studies 
Fatty Acid Tested Resultsa Outcome Variable # of Studies 

Identified FO EPA DHA ALA NC I D 
Contractile and Arrhythmogenic Parameters  

Heart Rate 
Contraction Rate 
Ionotropic Parameters  
Cardiac Work 

 
4 
4 
2 
1 

 
x 
x 
x 
- 

 
x 
- 
- 
- 

 
x 
- 
- 
- 

 
- 
- 
- 
x 

 
x 
x 
x 
x 

 
- 
x 
- 
- 

 
x 
x 
x 
- 

Basoelectromechanical Parameters  
Developed or Resting Tension            
Other parameters  b 

 
1 
2 

 
x 
x 

 
- 
- 

 
- 
- 

 
- 
- 

 
x 
x 

 
- 
- 

 
- 
x 

Ion Pumps and Ion Movement 
Pump Activity 
Cytosolic Calcium Influx 
Cytosolic Calcium Efflux 
Cytosolic Calcium Content 
Sarcoplasmic Reticulum Calcium Content 
Sarcoplasmic Reticulum Calcium Uptake 
Sarcoplasmic Reticulum Calcium Release 
Sarcoplasmic Reticulum Calcium Exchanger 

 
8 
2 
1 
3 
3 
2 
0 
1 

 
x 
x 
x 
x 
x 
x 
- 
x 

 
x 
- 
- 
- 
x 
- 
- 
- 

 
x 
- 
- 
- 
x 
- 
- 
- 

 
- 
- 
- 
- 
x 
- 
- 
- 

 
x 
x 
x 
x 
x 
- 
- 
- 

 
x 
x 
- 
- 
- 
- 
- 
x 

 
x 
- 
- 
x 
x 
x 
- 
- 

Ion Currents 
Sodium Current 
Transient Outward Potassium Current 
Voltage Dependent L-Type Calcium Current 
Delayed Rectifier Potassium Current 
Inward Rectifier Potassium Current 
Ultra Rapid Potassium Current 

 
1 
1 
1 
0 
0 
0 

 
x 
x 
x 
- 
- 
- 

 
- 
- 
- 
- 
- 
- 

 
- 
- 
- 
- 
- 
- 

 
- 
- 
- 
- 
- 
- 

 
x 
x 
x 
- 
- 
- 

 
- 
- 
- 
- 
- 
- 

 
- 
- 
- 
- 
- 
- 

Ion Channels  
Binding to the Calcium Channel 

 
2 

 
x 

 
- 

 
- 

 
- 

 
x 

 
- 

 
x 

a NC=no change; D=decrease; I=increase 
 b VERP (Left ventricular effective refractory period), ARP (Functional refractory period of the atrium), RRP (Relative refractory period), QRS (Ventricular conductance time), QT, 
MAP (monophasic action potential duration) 
‘-’ indicates no studies; ‘x’ indicates at least one study  

 
Note: This table does not include results from studies that compared young versus aged animals or different  doses of omega-3 fatty acids.
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threshold at which EPA can exert its protective effect. Whether this also applies to ALA and DHA 
needs to be verified. 

The sub-category of contractility changes had the largest number of studies, and the results 
were consistent. In the presence of various arrhythmogenic agents and across the different types of 
species studied, omega-3 fatty acids compared to controls were reported to consistently decrease 
contraction rate, thereby exerting a protective effect with respect to arrhythmia.  In studies without 
an arrhythmogenic agent, the results were, however, inconsistent, with 3 showing a decrease in 
contractility and 3 showing no effect.  

Only one study examined the effect of DHA vs. a saturated fatty acid and showed a decrease in 
contractility with DHA. Further research is needed to determine whether other omega-3 fatty acids 
would have the same effect. Similarly, only 2 studies compared the effect of an omega-3 fatty acid 
vs. an omega-6 fatty acid and the results were inconsistent, again suggesting the need for further 
research. Only 2 studies by the same author compared the relative efficacy of one omega-3 fatty 
acid to another omega-3 fatty acid, and the results suggested that EPA is more effective than DHA 
in reducing the frequency of spontaneous contractions. We found no other studies that validated 
these findings.   

Two studies showed that methylated or ethylated omega-3 fatty acids had no effect on 
contractility, suggesting that a free carboxyl group is necessary for omega-3 fatty acids to exert 
their anti-arrhythmogenic effect. This finding was, however, contradicted by another study, again 
suggesting the need for more research. Two studies examined the effect of omega-3 fatty acids on 
twitch size, but the results were inconsistent. One study reported a dose dependent effect, but again 
the small number of studies suggests the need for further research. The identification of only 3 
studies of inotropic parameters with conflicting results limited inference about these parameters.  

Of the 7 studies examining other contractility parameters (tC20, CD20, CD80, -Cmax, and 
+Cmax), 2 examined the effect of omega-3 fatty acids relative to omega-6 fatty acids under 
ambient, hypoxic, and reoxygenation conditions and showed no difference in effect across 
agents. Four of 5 compared EPA to DHA and found no difference in effect. Despite the 
consistency of these findings, the omega-3 fatty acids were all in the bound form. We found no 
studies that addressed whether the results would be similar if the omega-3 fatty acids were in 
the free form.  

 
Basoelectromechanical Parameters 
 
 The 6 studies that measured action potential had widely varying study designs. They used 
different agents and experimental conditions as well as different comparison groups. The results 
were inconsistent.  Therefore, despite the relatively large number of studies, no inferences can be 
made and further research is needed. There were 7 studies of the effect of omega-3 fatty acids on 
action potential amplitude. Again, these studies used different comparison groups and different 
experimental conditions. These results were also inconsistent, limiting the conclusions that can be 
drawn.  

Only 4 studies (3 of them from the same group of collaborators) examined action potential 
duration at 40% polarization. The studies were carried out under a variety of experimental 
conditions, and the results varied considerably, with some investigators reporting increases and 
others reporting decreases in the duration of the action potential. Among the studies of action 
potential duration at 80% polarization, a decrease or no change was more frequently reported than 
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an increase, but the small number of studies (4 from the same collaborators) and varied 
experimental conditions limit inference. 

There were 6 studies (4 of them from the same group of collaborators) that examined the effect 
of omega-3 fatty acids on maximum rate of depolarization (VMAX). The results varied depending 
on the experimental condition, thus limiting inference. 

There were 4 studies (all from the same collaborative group) that examined the effect of 
omega-3 fatty acids on maximum diastolic potential. The predominant finding was that there was 
no impact on this parameter, but the results varied depending on the comparison group and 
experimental condition under which the studies were performed, thereby precluding inference.  

There were 4 studies (all from the same collaborative group) that measured the overshoot 
potential following omega-3 fatty acid treatment. Since the results varied depending on the 
comparison group and experimental condition under which the studies were performed, no 
inference can be drawn.  
 
Ion Pumps and Ion Movements 
 

Only 1 study examined the impact of bound EPA on pump activity (sodium-potassium 
ATPase). This study reported no effect in the presence of ouabain (OUA) or bumetanide (BUME), 
or with a combination of these 2 agents 72.  

There were only 3 studies (2 from the same group of collaborators) that examined the impact of 
omega-3 fatty acids on cytosolic calcium influx. These studies consistently reported that omega-3 
fatty acids were effective in preventing increases or decreases in cytosolic calcium influx induced 
by various agents. There was only 1 study of cytosolic calcium efflux, so no inference can be 
drawn.  Two studies from the same collaborators found that cytosolic calcium content decreased in 
the presence of free EPA. Similarly, 2 studies from another pair of collaborators showed a 
protective effect of free or bound DHA or EPA in the presence of various agents that altered 
cytosolic calcium content. One of these researchers also found that acute exposure to free DHA 
had a smaller effect than chronic exposure. 

The identification of only 1 study of sarcoplasmic reticulum calcium content precludes 
inference. We identified no studies that examined the effect of omega-3 fatty acids on 
sarcoplasmic reticulum uptake of calcium. Two studies evaluated sarcoplasmic reticulum calcium 
release, and the findings were inconsistent. 

Two studies in dogs by the same investigator showed that ALA increased sodium-calcium 
exchange. The effect of EPA or DHA on this parameter is unknown. Another study using a guinea 
pig model measured sodium-hydrogen exchange and showed no effect with ALA but a dose 
dependent decrease with EPA and DHA. Further research is needed in this area. 
 
Ion Currents 
 

Three studies examined the effect of omega-3 fatty acids on sodium current (INa), and 2 
showed a decrease. With regard to the activation and inactivation parameters of the sodium 
current, the results are contradictory; thus, no conclusions can be inferred from these studies. With 
the exception of 1 study which showed an increase in amplitude of the Ito, 3 studies (2 rat models 
and 1 ferret) showed a decrease in amplitude. More research is required to verify this finding. With 
the exception of 1 study using a guinea pig model, and another using various agents, the remaining  
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4 studies reported a decrease in voltage dependent L-type calcium current (ICa.L), and this 
observation was consistent for all omega-3 fatty acids tested as well as across species.   

Two studies both showed a decrease in delayed rectifier potassium current (IK), but more 
studies are needed to support this conclusion. Out of the 4 studies of inward rectifier potassium 
current (IKI ), 1 showed a decrease, while the other 3 showed no effect for any omega-3 fatty acid 
tested using either a mouse, rat, or ferret model. No strong inferences can be made regarding ultra 
rapid potassium current (IKUR) because only 2 studies were found. Both of these, however, showed 
a decrease in IKUR when fatty acid concentrations were above 20µM.  
 
Ion Channels  
 

Only 3 studies (2 from the same group of collaborators) examined the effect of omega-3 fatty 
acids on ion channels. Because each study examined different parameters, no conclusions can be 
inferred from these studies.  

 
Summary of Areas for Future Research 
 
The following table summarizes areas for future research in isolated organ and cell culture studies 
by showing the fatty acids tested, the number of studies of each parameter,  and a rough picture of 
the degree of consistency of study results. In general, it shows that there were small numbers of 
studies for most parameters and inconsistent results, as well as areas where no studies at all were 
identified. 

 
 

Study Design and Analysis Issues:  
Isolated Organ and Cell Culture Studies 

 
A number of issues presented challenges to the synthesis of data on the effects of omega-3 fatty 

acids on arrhythmogenic mechanisms in isolated organ and cell culture studies. Examples of each 
are discussed below. 
 
General Design Issues 
 

Sample sizes were sometimes not reported or often difficult to ascertain. Often, studies 
presented results only graphically, precluding quantitative analyses of the results. In these 
instances, supplementary tabular presentations would add to the usefulness of the research. 
 
Sub-Grouping Based on Multiple Interventions and End Points 
 

Within each of the sub-areas studied — ion channe ls, ion currents, ion pumps and ion 
movement, and contractility — there were numerous sub-parameters. For example, 
arrhythmogenic and contractile parameters included more than 8 sub-parameters. There are many 
potential variables by which it would be instructive to subgroup when analyzing these types of 
data, including species (at least 4 types), fatty acid (at least 4 types), form of fatty acids 
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(free/bound), age of the animal (young vs. old), dosage (at least 2 levels), agents (antagonists, 
agonists, etc.), and conditions (ambient, etc.). Sub-grouping in systematic reviews is often 
challenging given that there are many potential confounding variables. Our response to this 
reporting challenge was to focus on the three most important sub-grouping variables: species, fatty 
acid type, and form of the fatty acid. 

Additionally, the large number of sub-measures posed a challenge. It would therefore benefit 
the field to identify core sets of standardized measures that produce the highest information yield 
and to encourage investigators to include at least these measures in future studies. The practice by 
various investigators of frequently choosing different measures greatly reduces the options for 
synthesizing results across different studies. If there were large numbers of studies for each   
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Table 4.4 Areas for future research: Isolated organ and cell culture studies 
Fatty Acid Tested Resultsa Outcome Variable # of Studies 

Identified FO/ 
Combo 

EPA DHA ALA NC I D 

Contractile and Arrhythmogenic   Parameters  
Spontaneous or Induced Arrhythmia 
Contractility 
Ionotropic Parameters  
Other Contractility Parameters* 

 
8 
18 
3 
7 

 
- 
x 
- 
x 

 
x 
x 
x 
x 

 
x 
x 
x 
x 

 
- 
x 
- 
- 

 
- 
x 
x 
x 

 
- 
- 
x 
- 

 
x 
x 
- 
- 

Basoelectromechanical Parameters  
Action Potential 

          Action Potential Amplitude 
Action Potential Duration at 40% Depolarization 
Action Potential Duration at 80% Depolarization 
Maximum Rate of Depolarization 
Maximum Diastolic Potential 
Overshoot Potential 
Other # 

 
6 
7 
4 
6 
5 
3 
4 
1 

 
x 
- 
x 
x 
x 
x 
x 
- 

 
x 
x 
x 
x 
x 
x 
x 
- 

 
x 
x 
- 
x 
- 
- 
- 
- 

 
- 
- 
- 
- 
- 
- 
- 
x 

 
x 
x 
x 
x 
x 
x 
x 
x 

 
x 
x 
x 
x 
x 
- 
x 
- 

 
x 
x 
x 
x 
x 
- 
x 
- 

Ion Pumps and Ion Movement 
Pump Activity 
Cytosolic Calcium Influx 
Cytosolic Calcium Efflux 
Cytosolic Calcium Content 
Sarcoplasmic Reticulum Calcium Content 
Sarcoplasmic Reticulum Calcium Uptake 
Sarcoplasmic Reticulum Calcium Release 
Sodium -Calcium Exchangers   
Sodium -Hydrogen Exchangers  
Calcium transients  
Passive SR calcium efflux 
Passive sodium influx 

 
1 
3 
1 
7 
1 
0 
2 
1 
1 
1 
2 
1 

 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

 
x 
x 
x 
x 
x 
- 
x 
- 
x 
x 
- 
x 

 
- 
x 
x 
x 
x 
- 
x 
- 
x 
- 
- 
x 

 
- 
- 
- 
- 
- 
- 
- 
x 
x 
- 
x 
- 

 
x 
x 
x 
x 
- 
- 
- 
- 
x 
- 
- 
x 

 
- 
- 
- 
x 
x 
- 
x 
x 
- 
- 
- 
- 

 
- 
x 
- 
x 
- 
- 
x 
- 
x 
x 
x 
- 

Ion Currents  
Sodium Current 
Transient Outward Potassium Current 
Voltage Dependent L-Type Calcium Current 
Delayed Rectifier Potassium Current 
Inward Rectifier Potassium Current 

         Ultra Rapid Potassium Current 

 
3 
3 
6 
2 
4 
2 

 
- 
- 
- 
- 
- 
- 

 
x 
x 
x 
x 
x 
x 

 
x 
x 
x 
x 
x 
x 

 
x 
- 
x 
x 
x 
- 

 
x 
- 
x 
- 
x 
x 

 
- 
x 
x 
- 
- 
- 

 
x 
x 
x 
x 
x 
x 

Ion Channels  
Sodium Channel 
Cloned Kv1.5 Potassium Channel 
Calcium Channel 

 
1 
1 
1 

 
- 
- 
- 

 
x 
- 
x 

 
- 
x 
- 

 
- 
x 
- 

 
x 
x 
x 

 
- 
- 
- 

 
- 
x 
- 

a  NC=no change; D=decrease; I=increase 
* tC20, CD20, CD80,-Cmax, +Cmax 
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# AC (Intra-atrial conduction time), AVC (Atrioventricular conductance time), ARP (Functional refractory period of the atrium) 
, AVRP (Functional refractory period of atrio-ventricular conducting system) 

‘-’  indicates no studies; ‘x’ indicates at least one study  
 
Note: This table does not include results from studies that compared young versus aged animals or different  doses of omega-3 fatty 
acids. 
 
parameter of interest, the challenge would not be so daunting. The number of articles for each 
sub-parameter, however, is often quite limited, so robust inference is frequently precluded. We 
grouped outcomes reported in the various studies into 5 major categories — contractile parameters 
(CP), basoelectromechanical parameters (BEP), ion pumps and channels (IPIM), ion currents 
(ICU), and ion channels (ICH) — to aid in the summary of results. However, we found a wide 
variation in reports of the same outcome due to different experimental methods. Thus, there is a 
need for researchers to limit the number of outcomes reported and to reach a consensus on which 
outcomes are the most relevant and standardizable. For example, contractility parameters such as 
contraction coupling delay (tC20), contraction duration at 20% relaxation (CD20), contraction 
duration at 80% relaxation (CD80), relaxation time (-Cmax), and cell shortening velocity (+Cmax) 
were almost always reported in studies of arrhythmia. 
 
In Vitro Models 
 

Tissues or cells from various species of animals, including mice, rats, guinea pigs, ferrets, 
dogs, pigs, and cats, were used to examine the effect of omega-3 fatty acids on arrhythmogenic 
mechanisms. However, upon reviewing the data, it appears that the results reported are not always 
applicable across species, all cardiac cell types used (atrial, ventricular, etc.) and all development 
stages (neonatal, adult). Thus, it might be prudent to reach a consensus on the animal model or 
models whose basic cardiac physiology, biochemistry, and fatty acid metabolism are as similar as 
possible to human cardiac tissue, and then for the various research groups to use these models to 
conduct their experiments. For example, to study arrhythmogenic outcomes, cultured neonatal rat 
cardiomyocytes appear to have certain advantages over other models: they beat spontaneously at 
rates that can be monitored, they are robust and capable of surviving for several days thereby 
allowing for incorporation of the omega-3 fatty acids into membrane phospholipids, and they 
provide a system free of neuronal or hormonal influences. However, to determine the effect of 
omega-3 fatty acids on ion pumps or channels (e.g. sarcoplasmic reticulum calcium ATPase, 
cellular calcium flux), the rabbit, ferret, cat, dog, and guinea pig models more closely mimic 
humans compared to the rat or mouse models. Recently, some investigators appear to be using 
transgenic cardiac tissue with cloned human ion channels, human embryonic kidney cells, etc. to 
determine the arrhythmogenic mechanisms of omega-3 fatty acid effects which might be more 
relevant to the human situation. This needs further investigation. 
 
Exposure Duration 
 

In our review of the data, we found that some investigators chose to examine the effects of the 
omega-3 fatty acids by directly adding them to the culture medium, or incubated the cells with the 
omega-3 fatty acid to allow for incorporation into membrane phospholipid. We termed the former 
as "free" fatty acids and the latter as "bound" fatty acids. It appears that some investigators feel that 
the omega-3 fatty acids exert their effect only in the free form, and this is supported by 2 studies 
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69,78. However, both of these studies were from the same research group. To further substantiate 
their claim, the researchers added delipidated bovine serum albumin (BSA) to remove the 
omega-3 fatty acids from the culture medium and showed a reversal of the protective effect. Thus, 
they concluded that the fatty acids do not form strong covalent or ionic bonds with any constituent 
of the cell membrane, but rather act directly by partitioning into the hydrophobic interior of the 
plasma membrane phospholipids. Other investigators feel that the incorporation of the omega-3 
fatty acids into the cardiomyocyte membrane is essential for its antiarrhythmogenic effect and, 
indeed, this is supported by the clinical and whole animal feeding studies. Nair 5 notes, “that 
following a myocardial infarct, non-esterified free fatty acids (NEFA) are released by hydrolysis 
from the membrane phospholipid, and the type of fatty acid released determines the 
arrhythmogenic response of the myocardium.” He notes that this would support the free fatty acid 
hypothesis, but adds, “the omega-3 fatty acids would first have to be incorporated into the 
membrane phospholipid to be available for release as free acids to prevent arrhythmias following 
myocardial ischemia.”  
 
Amount of Omega-3 Fatty Acid Used 
 

We found that the concentration of omega-3 fatty acids used in the various studies were 
markedly different, ranging from 1µM to 214µM.  The results obtained at concentrations greater 
than 20µM are questionable due to non-specific effects such as detergent effects on ion channels, 
etc. While some studies have attempted to quantify IC50 (that concentration that produces a 50% 
reduction in the effect) values (Table 3-31), the results are inconsistent which might reflect the 
purity of the omega-3 fatty acid, solvent used (ethanol etc.), the transport agent, or the form 
(sodium salt, methylated or ethylated omega-3 fatty acid). In fact, 3 independent studies have 
shown that compared to EPA or DHA, methylated DHA ester or ethylated EPA ester do not exert 
the same protective effect. One study contradicts this finding. Thus, there is a need to develop 
standard preparations of omega-3 fatty acids (e.g. both as free fatty acid and triacylglycerol) that 
would be available from the National Institutes of Health (NIH) or other suppliers to all 
researchers with a valid protocol. Additionally, a consensus needs to be reached on the omega-3 
dosage. Addressing these issues is critical for interpreting the relevance of data from isolated organ 
and cell culture studies to humans. This is particularly true for data regarding the dietary and 
supplemental intake and the metabolic processing of omega-3 fatty acids.  
 
Comparison Group 
 

While a majority of the studies reported results compared to a control, it might be more 
relevant to use an omega-6 or monounsaturated fatty acid as the comparison group (see section on 
Diet Classification section in Chapter 2). Additionally, only 3 studies evaluated the effect of one 
omega-3 fatty acid to another omega-3 fatty acid. This area needs further research. 
 
Experimental Condition or Agent 
 

 The most challenging task was to classify studies based on experimental condition and agent 
used. We identified 3 conditions (ambient, hypoxia, reoxygenation). Unfortunately, the results 
obtained under these conditions seemed to be very inconsistent. Additionally, the number of 
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agents within and across studies varied considerably. While the effect of omega-3 fatty acids in the 
presence of agents such as indomethacin and nitrendipine help answer the question as to whether 
the action of the omega-3 fatty acids is exerted via their metabolites and sites of action, the use of 
numerous other arrhythmogenic agents (e.g. BAY8644) seems excessive and clinically irrelevant. 
It might be appropriate to convene an expert panel to evaluate and standardize available methods 
(ischemic models vs. arrhythmogenic models) that is more relevant to the human situation so that 
the results are comparable across studies and are more applicable or generalizable.  
 
IC50 and EC50 Values 
 

Four studies (2 by the same author) reported omega-3 fatty acid IC50 or EC50 (that 
concentration needed to produce a 50% effect) values for INa, Ito, ICa.L, IK, and twitch size (TS). For 
INa, 1 study showed in a rat model that DHA was more effective than EPA, which was more 
effective than ALA, in decreasing INa 

97. This was not supported by the results of another study 
which showed that EPA was more effective than DHA in both rat and guinea pig models 83.  For Ito 
and ICa.L, one study showed that EPA was more effective than DHA in both rat and guinea pig 
models 83. That study also suggested that EPA was more effective in the rat model in decreasing 
ICa.L. See Table  [3-31]. 

 
 

Conclusion 
 

In studies using whole animal and whole animal isolated organs and cells, the question 
regarding plausible biochemical or physiological mechanisms to explain the potential 
antiarrhythmogenic effects of omega-3 fatty acids cannot be answered definitively at this time due 
to the limited number of studies for each outcome and the conflicting results obtained. Some trends 
were observed among the contractility and IPIM parameters, but these trends need further 
validation.  
 

 

 

 

 

 

 

 



 

55 

References and Included Studies  
 1.  USDA. Individual Fatty Acid Intakes: Results 

from the 1995 Continuing Survey of Food 
Intakes by Individuals (data table set 4). 
Available online at 
<http://www.barc.usda.gov/bhnrc/foodsurvey/
home.htm>.   

 2.  Institute of Medicine. Dietary Reference 
Intakes: Energy, Carbohydrate, Fiber, Fat, Fatty 
Acids, Cholesterol, Protein, and Amino Acids 
(Macronutrition).  2002.  The National 
Academy Press.  

 3.  Simopoulos AP. Evolutionary aspects of 
omega-3 fatty acids in the food supply. 
Prostaglandins Leukotrienes and Essential 
Fatty Acids 1999; 60(5-6):421-429. 

 4.  Fallon S, Enig MG. Tripping Lightly Down the 
Prostaglandin Pathways.The Price-Pottenger 
Nutrition Foundation. Avaliable online at 
<http://www.price-pottenger.org/Articles/Prost
aglandin.htm>.  2001.  

 5.  Nair SS, Leitch JW, Falconer J, Garg ML. 
Prevention of cardiac arrhythmia by dietary 
(n-3) polyunsaturated fatty acids and their 
mechanism of action. [Review] [93 refs]. 
Journal of Nutrition 1997; 127(3):383-393. 

 6.  James MJ, Gibson RA, Cleland LG. Dietary 
polyunsaturated fatty acids and inflammatory 
mediator production. Am J Clin Nutr 2000; 
71(1 SUPPL.):343S-348S. 

 7.  Krummel D. Nutrition in Cardiovascular 
Disease. In: Mahan LK, Escot-Stump S, editors. 
Krause's Food, Nutrition, and Diet Therapy. 
W.B. Saunder Company, 1996. 

 8.  Hornstra G. Omega-3 long-chain 
polyunsaturated fatty acids and health benefits. 
Amended and updated version of the English 
translation of <<Oméga-3 et bénéfice santé>>, 
initially published by Catherine Anselmino, 
Centre d'Etude et d'Information sur les 
Vitamines, Roche Vitamines France, 
Neuilly-sur-Seine (NutriScience).  Available 
online: 
<http://www.vita-web.com/whatsnew/Omega 
3.pdf>.   Catherine Anselmino, Centre d'Etude 
et d'Information sur les Vitamines, Roche 
Vitamines France, Neuilly-sur-Seine 
(NutriScience).  

 9.  Mohrman D, Heller L. Cardiovascular 
Physiology. 5th ed. New York: Lange Medical 
Books/McGraw-Hill, 2003. 

 10.  Heart and Stroke Statistical Update for 2003. 
Website . 2003.  

 11.  Grynberg A, Fournier A, Sergiel JP, Athias P. 
Membrane docosahexaenoic acid vs. 
eicosapentaenoic acid and the beating function 
of the cardiomyocyte and its regulation through 
the adrenergic receptors. Lipids 1996; 31 
Suppl:S205-S210. 

 12.  Nair SS, Leitch JW, Falconer J, Garg ML. 
Prevention of cardiac arrhythmia by dietary 
(n-3) polyunsaturated fatty acids and their 
mechanism of action. [Review] [93 refs]. 
Journal of Nutrition 1997; 127(3):383-393. 

 13.  DerSimonian R, Laird N. Meta-analysis in 
clinical trials. Control Clin Trials 1986; 
7(3):177-88. 

 14.  Walker MJ, Curtis MJ, Hearse DJ et al. The 
Lambeth Conventions: guidelines for the study 
of arrhythmias in ischaemia infarction, and 
reperfusion. Cardiovascular Research 1988; 
22(7):447-455. 

 15.  Curtis MJ, Macleod BA, Walker MJ. Models 
for the study of arrhythmias in myocardial 
ischaemia and infarction: the use of the rat. 
[Review] [141 refs]. Journal of Molecular & 
Cellular Cardiology 1987; 19(4):399-419. 

 16.  McLennan PL, Abeywardena MY, Charnock 
JS. Dietary fish oil prevents ventricular 
fibrillation following coronary artery occlusion 
and reperfusion. Am Heart J 1988; 
116(3):709-717. 

 17.  Hock CE, Holahan MA, Reibel DK. Effect of 
dietary fish oil on myocardial phospholipids 
and myocardial ischemic damage. American 
Journal of Physiology 1987; 252(3:Pt 2):t-60. 

 18.  McLennan P, Dallimore J. Dietary canola oil 
modifie myocardial fatty acids and inhibits 
cardiac arrhythmias in rats. Journal of Nutrition 
125, 1003-1009. 1995.  

 19.  McLennan PL. Relative effects of dietary 
saturated, monounsaturated, and 
polyunsaturated fatty acids on cardiac 
arrhythmias in rats. American Journal of 
Clinical Nutrition 1993; 57(2):207-212. 

 20.  Hock CE, Beck LD, Bodine RC, Reibel DK. 
Influence of dietary n-3 fatty acids on 
myocardial ischemia and reperfusion. 



 

56 

American Journal of Physiology 1990; 259(5:Pt 
2):t-26. 

 21.  Anderson KE, Du XJ, Sinclair AJ, Woodcock 
EA, Dart AM. Dietary fish oil prevents 
reperfusion Ins(1,4,5)P3 release in rat heart: 
possible antiarrhythmic mechanism. Am J 
Physiol 1996; 271(4 Pt 2):H1483-H1490. 

 22.  Charnock JS, Abeywardena MY, Tan D, 
McLennan PL. Omega-3 and omega-6 PUFA's 
have different effects on the phospholipid fatty 
acid composition of rat myocardial muscle 
when added to a saturated fatty acid dietary 
supplement. Nutrition Research 1991; 
11(9):1013-1024. 

 23.  Abeywardena MY, Charnock JS. Dietary lipid 
modification of myocardial eicosanoids 
following ischemia and reperfusion in the rat. 
Lipids 1995; 30(12):1151-1156. 

 24.  McLennan PL, Bridle TM, Abeywardena MY, 
Charnock JS. Dietary lipid modulation of 
ventricular fibrillation threshold in the 
marmoset monkey. American Heart Journal 
1992; 123(6):1555-1561. 

 25.  McLennan PL, Bridle TM, Abeywardena MY, 
Charnock JS. Comparative efficacy of n-3 and 
n-6 polyunsaturated fatty acids in modulating 
ventricular fibrillation threshold in marmoset 
monkeys. Am J Clin Nutr 1993; 58(5):666-669. 

 26.  Charnock JS, McLennan PL, Abeywardena 
MY. Dietary modulation of lipid metabolism 
and mechanical performance of the heart. 
Molecular and Cellular Biochemistry 1992; 
116(1-2):19-25. 

 27.  Isensee H, Jacob R. Differential effects of 
various oil diets on the risk of cardiac 
arrhythmias in rats. Journal of Cardiovascular 
Risk 1994; 1(4):353-359. 

 28.  McLennan PL, Abeywardena MY, Charnock 
JS. Reversal of the arrhythmogenic effects of 
long-term saturated fatty acid intake by dietary 
n-3 and n-6 polyunsaturated fatty acids. 
American Journal of Clinical Nutrition 1990; 
51(1):53-58. 

 29.  McLennan P, Howe P, Abeywardena M et al. 
The cardiovascular protective role of 
docosahexaenoic acid. Eur J Pharmacol 1996; 
300(1-2):83-89. 

 30.  Hartog JM, Lamers JM, Achterberg PW et al. 
The effects of dietary mackerel oil on the 
recovery of cardiac function after acute 

ischaemic events in the pig. Basic Res Cardiol 
1987; 82 Suppl 1:223-234. 

 31.  al Makdessi S, Brandle M, Ehrt M, Sweidan H, 
Jacob R. Myocardial protection by ischemic 
preconditioning: the influence of the 
composition of myocardial phospholipids. 
Molecular & Cellular Biochemistry 1995; 
145(1):69-73. 

 32.  Pepe S, Tsuchiya N, Lakatta EG, Hansford RG. 
PUFA and aging modulate cardiac 
mitochondrial membrane lipid composition and 
Ca2+ activation of PDH. Am J Physiol Heart 
Circ Physiol 1999; 276(1 45-1):H149-H158. 

 33.  Chen MF, Hsu HC, Lee YT. Effects of fish oil 
supplementation on the changes in myocardial 
cyclic adenosine monophosphate, inositol 
1,4,5-triphosphate and mitochondrial calcium 
levels during acute coronary 
occlusion-reperfusion in cholesterol-fed 
rabbits. Int J Cardiol 1994; 46(1):23-31. 

 34.  Yang BC, Saldeen TG, Bryant JL, Nichols 
WW, Mehta JL. Long-term dietary fish oil 
supplementation protects against 
ischemia-reperfusion-induced myocardial 
dysfunction in isolated rat hearts. American 
Heart Journal 1993; 126(6):1287-1292. 

 35.  Pepe S, McLennan PL. Dietary fish oil confers 
direct antiarrhythmic properties on the 
myocardium of rats. Journal of Nutrition 1996; 
126(1):34-42. 

 36.  Culp BR, Lands WE, Lucches BR, Pitt B, 
Romson J. The effect of dietary 
supplementation of fish oil on experimental 
myocardial infarction. Prostaglandins 1980; 
20(6):1021-1031. 

 37.  Oskarsson HJ, Godwin J, Gunnar RM, Thomas 
JX, Jr. Dietary fish oil supplementation reduces 
myocardial infarct size in a canine model of 
ischemia and reperfusion. J Am Coll Cardiol 
1993; 21(5):1280-1285. 

 38.  Kinoshita I, Itoh K, Nishida-Nakai M et al. 
Antiarrhythmic effects of eicosapentaenoic acid 
during myocardial infarction--enhanced cardiac 
microsomal (Ca(2+)-Mg2+)-ATPase activity. 
Jpn Circ J 1994; 58(12):903-912. 

 39.  Otsuji S, Shibata N, Hirota H, Akagami H, 
Wada A. Highly purified eicosapentaenoic acid 
attenuates tissue damage in experimental 
myocardial infarction. Jpn Circ J 1993; 
57(4):335-343. 



 

57 

 40.  Lo HM, Lin FY, Huang TS et al. Effects of 
linolenic acid on the canine heart. J Formos 
Med Assoc 1991; 90(6):536-540. 

 41.  Billman GE, Hallaq H, Leaf A. Prevention of 
ischemia-induced ventricular fibrillation by 
omega 3 fatty acids. Proceedings of the 
National Academy of Sciences of the United 
States of America 1994; 91(10):4427-4430. 

 42.  Billman GE, Kang JX, Leaf A. Prevention of 
sudden cardiac death by dietary pure omega-3 
polyunsaturated fatty acids in dogs. Circulation 
1999; 99(18):2452-2457. 

 43.  Heard SO, McGuire K, Haw MP et al. Dietary 
enrichment with omega-3 fatty acids partially 
protects against lipopolysaccharide-induced 
atrial depression in rats. Circ Shock 1992; 
36(2):140-146. 

 44.  Ku K, Oku H, Alam MS et al. Influences of 
dietary omega-3 polyunsaturated fatty acids on 
the recovery of cardiac and renal functions after 
preservation in hyperlipidemic rats. 
Transplantation 1997; 64(3):399-404. 

 45.  Reig J. Rat myocardial tissue lipids and their 
effect on ventricular electrical activity: 
Influence on dietary lipids. Cardiovasc Res 
1993; 27(3). 

 46.  Laustiola K, Salo MK, Metsa-Ketela T. Altered 
physiological responsiveness and decreased 
cyclic AMP levels in rat atria after dietary cod 
liver oil supplementation and its possible 
association with an increased membrane 
phospholipid n-3/n-6 fatty acid ratio. Biochim 
Biophys Acta 1986; 889(1):95-102. 

 47.  Leifert WR, Dorian CL, Jahangiri A, 
McMurchie EJ. Dietary fish oil prevents 
asynchronous contractility and alters 
Ca<sup>2+</sup> handling in adult rat 
cardiomyocytes. Journal of Nutritional 
Biochemistry 2001; 12(6):365-376. 

 48.  Leifert WR, Jahangiri A, Saint DA, McMurchie 
EJ. Effects of dietary n-3 fatty acids on 
contractility, Na+ and K+ currents in a rat 
cardiomyocyte model of arrhythmia. Journal of 
Nutritional Biochemistry 2000; 
11(7-8):382-392. 

 49.  Chemla D, Javouhey-Donzel A, Suard I et al. 
Influence of dietary polyunsaturated fatty acids 
on contractility, lusitropy and compliance of 
isolated rat myocardium. J Mol Cell Cardiol 
1995; 27(8):1745-1755. 

 50.  Demaison L, Bouveret P, Grynberg A. 
Polyunsaturated fatty acid composition and 
lipid metabolism in cultured cardiomyocyte and 
isolated working rat heart. Nutrition Research 
1993; 13(9):1003-1015. 

 51.  Karmazyn M, Horackova M, Murphy MG. 
Effects of dietary cod liver oil on fatty-acid 
composition and calcium transport in isolated 
adult rat ventricular myocytes and on the 
response of isolated hearts to ischemia and 
reperfusion. Can J Physiol Pharmacol 1987; 
65(2):201-209. 

 52.  Gillis AM, Keashly R, Watson PA, Mathison 
HJ, Parsons HG. Influence of dietary fat on the 
pharmacodynamics of propafenone in isolated, 
perfused rabbit hearts. Circulation 1992; 
85(4):1501-1509. 

 53.  Croset M, Black JM, Swanson JE, Kinsella JE. 
Effects of dietary n-3 polyunsaturated fatty 
acids on phospholipid composition and calcium 
transport in mouse cardiac sarcoplasmic 
reticulum. Lipids 1989; 24(4):278-285. 

 54.  Swanson JE, Lokesh BR, Kinsella JE. 
Ca2+-Mg2+ ATPase of mouse cardiac 
sarcoplasmic reticulum is affected by 
membrane n-6 and n-3 polyunsaturated fatty 
acid content. J Nutr 1989; 119(3):364-372. 

 55.  Croset M, Kinsella JE. Changes in phospholipid 
fatty acid composition of mouse cardiac 
organelles after feeding graded amounts of 
docosahexaenoate in presence of high levels of 
linoleate. Effect on cardiac ATPase activities. 
Ann Nutr Metab 1989; 33(3):125-142. 

 56.  Taffet GE, Pham TT, Bick DL et al. The 
calcium uptake of the rat heart sarcoplasmic 
reticulum is altered by dietary lipid. J Membr 
Biol 1993; 131(1):35-42. 

 57.  Maixent JM, Gerbi A, Barbey O et al. Dietary 
fish oil promotes positive inotropy of ouabain 
in the rat heart. Am J Physiol Heart Circ Physiol 
1999; 277(6 46-6):H2290-H2297. 

 58.  Benediktsdottir VE, Gudbjarnason S. 
Modification of the fatty acid composition of 
rat heart sarcolemma with dietary cod liver oil, 
corn oil or butter. J Mol Cell Cardiol 1988; 
20(2):141-147. 

 59.  Lamers JM, Hartog JM, Guarnieri C et al. Lipid 
peroxidation in normoxic and 
ischaemic-reperfused hearts of fish oil and lard 
fat fed pigs. J Mol Cell Cardiol 1988; 
20(7):605-615. 



 

58 

 60.  Honen BN, Saint DA. Polyunsaturated dietary 
fats change the properties of calcium sparks in 
adult rat atrial myocytes. Journal of Nutritional 
Biochemistry 2002; 13(6):322-329. 

 61.  Pepe S, Bogdanov K, Hallaq H et al. Omega 3 
polyunsaturated fatty acid modulates 
dihydropyridine effects on L-type Ca2+ 
channels, cytosolic Ca2+, and contraction in 
adult rat cardiac myocytes. Proc Natl Acad Sci 
U S A 1994; 91(19):8832-8836. 

 62.  Black SC, Katz S, McNeill JH. Cardiac 
performance and plasma lipids of omega-3 fatty 
acid-treated streptozocin-induced diabetic rats. 
Diabetes 1989; 38(8):969-974. 

 63.  Minarovic I, Vojtko R, Sebokova E, Klimes I, 
Zahradnik I. Effect of the high-fat diet on the 
calcium channels in rat myocardium. Annals of 
the New York Academy of Sciences, Vol 827 
(pp 550-555), 1997 1997. 

 64.  Gudmundsdottir E, Benediktsdottir VE, 
Gudbjarnason S. Combined effects of age and 
dietary fat on beta 1-receptors and Ca2+ 
channels in rat hearts. Am J Physiol 1991; 
260(1 Pt 2):H66-H72. 

 65.  Hallaq H, Smith TW, Leaf A. Modulation of 
dihydropyridine-sensitive calcium channels in 
heart cells by fish oil fatty acids. Proc Natl Acad 
Sci U S A 1992; 89(5):1760-1764. 

 66.  Kang JX, Leaf A. Effects of long-chain 
polyunsaturated fatty acids on the contraction 
of neonatal rat cardiac myocytes. Proceedings 
of the National Academy of Sciences of the 
United States of America, Vol 91(21) (pp 
9886-9890), 1994 1994. 

 67.  Li Y, Kang JX, Leaf A. Differential effects of 
various eicosanoids on the production or 
prevention of arrhythmias in cultured neonatal 
rat cardiac myocytes. Prostaglandins 1997; 
54(2):511-530. 

 68.  Kang JX, Leaf A. Prevention and termination of 
beta-adrenergic agonist-induced arrhythmias by 
free polyunsaturated fatty acids in neonatal rat 
cardiac myocytes. Biochem Biophys Res 
Commun 1995; 208(2):629-636. 

 69.  Weylandt KH, Kang JX, Leaf A. 
Polyunsaturated fatty acids exert 
antiarrhythmic actions as free acids rather than 
in phospholipids. Lipids 1996; 31(9):977-982. 

 70.  Reithmann C, Scheininger C, Bulgan T, 
Werdan K. Exposure to the n-3 polyunsaturated 
fatty acid docosahexaenoic acid impairs alpha 

1-adrenoceptor-mediated contractile responses 
and inositol phosphate formation in rat 
cardiomyocytes. Naunyn-Schmiedebergs 
Archives of Pharmacology 1996; 
354(2):109-119. 

 71.  Juan H, Peskar BA, Simmet T. Effect of 
exogenous 5,8,11,14,17-eicosapentaenoic acid 
on cardiac anaphylaxis. Br J Pharmacol 1987; 
90(2):315-325. 

 72.  Hallaq H, Sellmayer A, Smith TW, Leaf A. 
Protective effect of eicosapentaenoic acid on 
ouabain toxicity in neonatal rat cardiac 
myocytes. Proc Natl Acad Sci U S A 1990; 
87(20):7834-7838. 

 73.  Courtois M, Khatami S, Fantini E et al. 
Polyunsaturated fatty acids in cultured 
cardiomyocytes: effect on physiology and 
beta-adrenoceptor function. American Journal 
of Physiology 1992; 262(2:Pt 2):t-6. 

 74.  Negretti N, Perez MR, Walker D, O'Neill SC. 
Inhibition of sarcoplasmic reticulum function 
by polyunsaturated fatty acids in intact, isolated 
myocytes from rat ventricular muscle. J Physiol 
(Lond ) 2000; 523(2):367-375. 

 75.  de Jonge HW, Dekkers DH, Bastiaanse EM et 
al. Eicosapentaenoic acid incorporation in 
membrane phospholipids modulates 
receptor-mediated phospholipase C and 
membrane fluidity in rat ventricular myocytes 
in culture. J Mol Cell Cardiol 1996; 
28(5):1097-1108. 

 76.  Jahangiri A, Leifert WR, Patten GS, 
McMurchie EJ. Termination of asynchronous 
contractile activity in rat atrial myocytes by n-3 
polyunsaturated fatty acids. Molecular & 
Cellular Biochemistry 2000; 206(1-2):33-41. 

 77.  Rodrigo GC, Dhanapala S, Macknight AD. 
Effects of eicosapentaenoic acid on the 
contraction of intact, and spontaneous 
contraction of chemically permeabilized 
mammalian ventricular myocytes. J Mol Cell 
Cardiol 1999; 31(4):733-743. 

 78.  Kang JX, Leaf A. Protective effects of free 
polyunsaturated fatty acids on arrhythmias 
induced by lysophosphatidylcholine or 
palmitoylcarnitine in neonatal rat cardiac 
myocytes. Eur J Pharmacol 1996; 
297(1-2):97-106. 

 79.  Leifert WR, Jahangiri A, McMurchie EJ. 
Membrane fluidity changes are associated with 
the antiarrhythmic effects of docosahexaenoic 



 

59 

acid in adult rat cardiomyocytes. Journal of 
Nutritional Biochemistry 2000; 11(1):38-44. 

 80.  Ponsard B, Durot I, Delerive P et al. 
Cross-influence of membrane polyunsaturated 
fatty acids and hypoxia-reoxygenation on 
alpha- and beta-adrenergic function of rat 
cardiomyocytes. Lipids 1999; 34(5):457-466. 

 81.  Grynberg A, Fournier A, Sergiel JP, Athias P. 
Effect of docosahexaenoic acid and 
eicosapentaenoic acid in the phospholipids of 
rat heart muscle cells on adrenoceptor 
responsiveness and mechanism. J Mol Cell 
Cardiol 1995; 27(11):2507-2520. 

 82.  Ferrier GR, Redondo I, Zhu J, Murphy MG. 
Differential effects of docosahexaenoic acid on 
contractions and L-type Ca2+ current in adult 
cardiac myocytes. Cardiovasc Res 2002; 
54(3):601-610. 

 83.  Macleod JC, Macknight AD, Rodrigo GC. The 
electrical and mechanical response of adult 
guinea pig and rat ventricular myocytes to 
omega3 polyunsaturated fatty acids. Eur J 
Pharmacol 1998; 356(2-3):261-270. 

 84.  Grynberg A, Fantini E, Athias P et al. 
Modification of the n-6/n-3 fatty acid ratio in 
the phospholipids of rat ventricular myocytes in 
culture by the use of synthetic media: functional 
and biochemical consequences in normoxic and 
hypoxic conditions. J Mol Cell Cardiol 1988; 
20(10):863-874. 

 85.  Durot I, Athias P, Oudot F, Grynberg A. 
Influence of phospholipid long chain 
polyunsaturated fatty acid composition on 
neonatal rat cardiomyocyte function in 
physiological conditions and during 
glucose-free hypoxia-reoxygenation. Molecular 
& Cellular Biochemistry 1997; 
175(1-2):253-262. 

 86.  Fournier A, Fantini E, Sergiel JP, Athias P, 
Grynberg A. Influence of the phospholipid 
content in docosahexaenoic acid on 
electrophysiology and contraction of rat heart 
muscle cells. Cardioscience 1995; 6(1):71-78. 

 87.  Bayer BL, Forster W. Actions of prostaglandin 
precursors and other unsaturated fatty acids on 
conduction time and refractory period in the cat 
heart in situ. Br J Pharmacol 1979; 
66(2):191-195. 

 88.  Bogdanov KY, Spurgeon HA, Vinogradova 
TM, Lakatta EG. Modulation of the transient 
outward current in adult rat ventricular 

myocytes by polyunsaturated fatty acids. Am J 
Physiol 1998; 274(2 Pt 2):H571-H579. 

 89.  Kang JX, Xiao YF, Leaf A. Free, long-chain, 
polyunsaturated fatty acids reduce membrane 
electrical excitability in neonatal rat cardiac 
myocytes. Proc Natl Acad Sci U S A 1995; 
92(9):3997-4001. 

 90.  O'Neill SC, Perez MR, Hammond KE, Sheader 
EA, Negretti N. Direct and indirect modulation 
of rat cardiac sarcoplasmic reticulum function 
by n-3 polyunsaturated fatty acids. J Physiol 
(Lond ) 2002; 538(Pt 1):179-184. 

 91.  Rinaldi B, Di Pierro P, Vitelli MR et al. Effects 
of docosahexaenoic acid on calcium pathway in 
adult rat cardiomyocytes. Life Sci 2002; 
71(9):993-1004. 

 92.  Vitelli MR, Filippelli A, Rinaldi B et al. Effects 
of docosahexaenoic acid on 
[Ca<sup>2+</sup>]<inf>i</inf> increase 
induced by doxorubicin in ventricular rat 
cardiomyocytes. Life Sci 2002; 
71(16):1905-1916. 

 93.  Philipson KD, Ward R. Effects of fatty acids on 
Na+-Ca2+ exchange and Ca2+ permeability of 
cardiac sarcolemmal vesicles. J Biol Chem 
1985; 260(17):9666-9671. 

 94.  Philipson KD, Ward R. Modulation of 
Na+-Ca2+ exchange and Ca2+ permeability in 
cardiac sarcolemmal vesicles by doxylstearic 
acids. Biochim Biophys Acta 1987; 
897(1):152-158. 

 95.  Xiao YF, Gomez AM, Morgan JP, Lederer WJ, 
Leaf A. Suppression of voltage-gated L-type 
Ca2+ currents by polyunsaturated fatty acids in 
adult and neonatal rat ventricular myocytes. 
Proc Natl Acad Sci U S A 1997; 
94(8):4182-4187. 

 96.  Goel DP, Maddaford TG, Pierce GN. Effects of 
omega-3 polyunsaturated fatty acids on cardiac 
sarcolemmal Na(+)/H(+) exchange. Am J 
Physiol Heart Circ Physiol 2002; 
283(4):H1688-H1694. 

 97.  Leifert WR, McMurchie EJ, Saint DA. 
Inhibition of cardiac sodium currents in adult 
rat myocytes by n-3 polyunsaturated fatty acids. 
J Physiol (Lond ) 1999; 520 Pt 3:671-679. 

 98.  Xiao YF, Kang JX, Morgan JP, Leaf A. 
Blocking effects of polyunsaturated fatty acids 
on Na+ channels of neonatal rat ventricular 
myocytes. Proc Natl Acad Sci U S A 1995; 
92(24):11000-11004. 



 

60 

 99.  Xiao YF, Morgan JP, Leaf A. Effects of 
polyunsaturated fatty acids on cardiac 
voltage-activated K(+) currents in adult ferret 
cardiomyocytes. Sheng Li Hsueh Pao - Acta 
Physiologica Sinica 2002; 54(4):271-281. 

 100.  Honore E, Barhanin J, Attali B, Lesage F, 
Lazdunski M. External blockade of the major 
cardiac delayed-rectifier K+ channel (Kv1.5) 
by polyunsaturated fatty acids. Proceedings of 
the National Academy of Sciences of the 
United States of America 1994; 
91(5):1937-1941. 

 101.  Kang JX, Li Y, Leaf A. Regulation of sodium 
channel gene expression by class I 
antiarrhythmic drugs and n - 3 polyunsaturated 
fatty acids in cultured neonatal rat cardiac 
myocytes. Proc Natl Acad Sci U S A 1997; 
94(6):2724-2728. 

 102.  Riemersma RA, Sargent CA. Dietary fish oil 
and ischaemic arrhythmias. Journal of Internal 
Medicine Supplement 1989; 225(731):111-116. 

 103.  Fay MP, Graubard BI, Freedman LS, Midthune 
DN. Conditional logistic regression with 
sandwich estimators: application to a 
meta-analysis. Biometrics 1998; 
54(1):195-208. 

 104.  Fay MP, Freedman LS. Meta-analyses of 
dietary fats and mammary neoplasms in rodent 
experiments. Breast Cancer Research & 
Treatment 1997; 46(2-3):215-223. 

 105.  Fay MP, Freedman LS, Clifford CK, Midthune 
DN. Effect of different types and amounts of fat 
on the development of mammary tumors in 
rodents: a review. Cancer Research 1997; 
57(18):3979-3988. 

 
 



 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 61 

Bibliography  
 

Abeywardena MY, Charnock JS. Dietary lipid modification 
of myocardial eicosanoids following ischemia and 
reperfusion in the rat.  Lipids 1995 Dec;30(12):1151-6. 

al Makdessi S, Brandle M, Ehrt M, et al. Myocardial 
protection by ischemic preconditioning: the influence of the 
composition of myocardial phospholipids.  Molecular & 
Cellular Biochemistry 1995 Apr 12;145(1):69-73. 

Bayer BL, Forster W. Actions of prostaglandin precursors 
and other unsaturated fatty acids on conduction time and 
refractory period in the cat heart in situ.  Br J Pharmacol 
1979 Jun;66(2):191-5. 

Benediktsdottir VE, Gudbjarnason S. Modification of the 
fatty acid composition of rat heart sarcolemma with dietary 
cod liver oil, corn oil or butter.  J Mol Cell Cardiol 1988 
Feb;20(2):141-7. 

Billman GE, Hallaq H, Leaf A. Prevention of 
ischemia-induced ventricular fibrillation by omega 3 fatty 
acids.  Proceedings of the National Academy of Sciences of 
the United States of America 1994 May 10;91(10):4427-30. 

Billman GE, Kang JX, Leaf A. Prevention of sudden cardiac 
death by dietary pure omega-3 polyunsaturated fatty acids in 
dogs.  Circulation 1999;99(18):2452-7. 

Black SC, Katz S, McNeill JH. Cardiac performance and 
plasma lipids of omega-3 fatty acid-treated 
streptozocin-induced diabetic rats.  Diabetes 1989 
Aug;38(8):969-74. 

Bogdanov KY, Spurgeon HA, Vinogradova TM, et al. 
Modulation of the transient outward current in adult rat 
ventricular myocytes by polyunsaturated fatty acids.  Am J 
Physiol 1998 Feb;274(2 Pt 2):H571-H579. 

Charnock JS, Abeywardena MY, Tan D, et al. Omega-3 and 
omega-6 PUFA's have different effects on the phospholipid 
fatty acid composition of rat myocardial muscle when added 
to a saturated fatty acid dietary supplement.  Nutrition 
Research 1991;11(9):1013-24. 

Charnock JS, McLennan PL, Abeywardena MY. Dietary 
modulation of lipid metabolism and mechanical 
performance of the heart.  Molecular and Cellular 
Biochemistry 1992 Nov;116(1-2):19-25. 

Chemla D, Javouhey-Donzel A, Suard I, et al. Influence of 
dietary polyunsaturated fatty acids on contractility, lusitropy 
and compliance of isolated rat myocardium.  J Mol Cell 
Cardiol 1995 Aug;27(8):1745-55. 

Chen MF, Hsu HC, Lee YT. Effects of fish oil 
supplementation on the changes in myocardial cyclic 
adenosine monophosphate, inositol 1,4,5-triphosphate and 

mitochondrial calcium levels during acute coronary 
occlusion-reperfusion in cholesterol-fed rabbits.  Int J 
Cardiol 1994 Aug;46(1):23-31. 

Courtois M, Khatami S, Fantini E, et al. Polyunsaturated 
fatty acids in cultured cardiomyocytes: effect on physiology 
and beta-adrenoceptor function.  American Journal of 
Physiology 1992 Feb;262(2:Pt 2):t-6. 

Croset M, Kinsella JE. Changes in phospholipid fatty acid 
composition of mouse cardiac organelles after feeding 
graded amounts of docosahexaenoate in presence of high 
levels of linoleate. Effect on cardiac ATPase activities.  Ann 
Nutr Metab 1989a ;33(3):125-42. 

Croset M, Black JM, Swanson JE, et al. Effects of dietary 
n-3 polyunsaturated fatty acids on phosp holipid composition 
and calcium transport in mouse cardiac sarcoplasmic 
reticulum.  Lipids 1989b Apr;24(4):278-85. 

Culp BR, Lands WE, Lucches BR, et al. The effect of 
dietary supplementation of fish oil on experimental 
myocardial infarction.  Prostaglandins 1980 
Dec;20(6):1021-31. 

de Jonge HW, Dekkers DH, Bastiaanse EM, et al. 
Eicosapentaenoic acid incorporation in membrane 
phospholipids modulates receptor-mediated phospholipase 
C and membrane fluidity in rat ventricular myocytes in 
culture.  J Mol Cell Cardiol 1996 May;28(5):1097-108. 

Demaison L, Bouveret P, Grynberg A. Polyunsaturated fatty 
acid composition and lipid metabolism in cultured 
cardiomyocyte and isolated working rat heart.  Nutrition 
Research 1993;13(9):1003-15. 

Durot I, Athias P, Oudot F, et al. Influence of phospholipid 
long chain polyunsaturated fatty acid composition on 
neonatal rat cardiomyocyte function in physiological 
conditions and during glucose-free hypoxia-reoxygenation.  
Molecular & Cellular Biochemistry 1997 
Oct;175(1-2):253-62. 

Fallon, S and Enig MG. Tripping Lightly Down the 
Prostaglandin Pathways.The Price-Pottenger Nutrition 
Foundation. Avaliable online at 
<http://www.price-pottenger.org/Articles/Prostaglandin.ht
m>.  2001.  

 Fay MP, Freedman LS. Meta-analyses of dietary fats and 
mammary neoplasms in rodent experiments.  Breast Cancer 
Research & Treatment 1997 Nov;46(2-3):215-23. 

Fay MP, Freedman LS, Clifford CK, et al. Effect of different 
types and amounts of fat on the development of mammary 
tumors in rodents: a review.  Cancer Research 1997 Sep 
15;57(18):3979-88. 



 

 62 

Fay MP, Graubard BI, Freedman LS, et al. Conditional 
logistic regression with sandwich estimators: application to 
a meta-analysis.  Biometrics 1998 Mar;54(1):195-208. 

Ferrier GR, Redondo I, Zhu J, et al. Differential effects of 
docosahexaenoic acid on contractions and L-type Ca2+ 
current in adult cardiac myocytes.  Cardiovasc Res 2002 
Jun;54(3):601-10. 

Fournier A, Fantini E, Sergiel JP, et al. Influence of the 
phospholipid content in docosahexaenoic acid on 
electrophysiology and contraction of rat heart muscle cells.  
Cardioscience 1995 Mar;6(1):71-8. 

Gillis AM, Keashly R, Watson PA, et al. Influence of dietary 
fat on the pharmacodynamics of propafenone in isolated, 
perfused rabbit hearts.  Circulation 1992 Apr;85(4):1501-9. 

Goel DP, Maddaford TG, Pierce GN. Effects of omega-3 
polyunsaturated fatty acids on cardiac sarcolemmal 
Na(+)/H(+) exchange.  Am J Physiol Heart Circ Physiol 
2002 Oct;283(4):H1688-H1694. 

Grynberg A, Fantini E, Athias P, et al. Modification of the 
n-6/n-3 fatty acid ratio in the phospholipids of rat ventricular 
myocytes in culture by the use of synthetic media: functional 
and biochemical consequences in normoxic and hypoxic 
conditions.  J Mol Cell Cardiol 1988 Oct;20(10):863-74. 

Grynberg A, Fournier A, Sergiel JP, et al. Effect of 
docosahexaenoic acid and eicosapentaenoic acid in the 
phospholipids of rat heart muscle cells on adrenoceptor 
responsiveness and mechanism.  J Mol Cell Cardiol 1995 
Nov;27(11):2507-20. 

Gudmundsdottir E, Benediktsdottir VE, Gudbjarnason S. 
Combined effects of age and dietary fat on beta 1-receptors 
and Ca2+ channels in rat hearts.  Am J Physiol 1991 
Jan;260(1 Pt 2):H66-H72. 

Hallaq H, Sellmayer A, Smith TW, et al. Protective effect of 
eicosapentaenoic acid on ouabain toxicity in neonatal rat 
cardiac myocytes.  Proc Natl Acad Sci U S A 1990 
Oct;87(20):7834-8. 

Hallaq H, Smith TW, Leaf A. Modulation of 
dihydropyridine-sensitive calcium channels in heart cells by 
fish oil fatty acids.  Proc Natl Acad Sci U S A 1992 Mar 
1;89(5):1760-4. 

Hartog JM, Lamers JM, Achterberg PW, et al. The effects of 
dietary mackerel oil on the recovery of cardiac function after 
acute ischaemic events in the pig.  Basic Res Cardiol 
1987;82 Suppl 1:223-34. 

Heard SO, McGuire K, Haw MP, et al. Dietary enrichment 
with omega-3 fatty acids partially protects against 
lipopolysaccharide-induced atrial depression in rats.  Circ 
Shock 1992;36(2):140-6. 

Honen BN, Saint DA. Polyunsaturated dietary fats change 
the properties of calcium sparks in adult rat atrial myocytes.  
Journal of Nutritional Biochemistry 2002;13(6):322-9. 

Honore E, Barhanin J, Attali B, et al. External blockade of 
the major cardiac delayed-rectifier K+ channel (Kv1.5) by 
polyunsaturated fatty acids.  Proceedings of the National 
Academy of Sciences of the United States of America 1994 
Mar 1;91(5):1937-41. 

Hornstra, G. Omega-3 long-chain polyunsaturated fatty 
acids and health benefits. Amended and updated version of 
the English translation of <<Oméga-3 et bénéfice santé>>, 
initially published by Catherine Anselmino, Centre d'Etude 
et d'Information sur les Vitamines, Roche Vitamines France, 
Neuilly-sur-Seine (NutriScience).  Available online: 
<http://www.vita-web.com/whatsnew/Omega 3.pdf>.   
Catherine Anselmino, Centre d'Etude et d'Information sur 
les Vitamines, Roche Vitamines France, Neuilly-sur-Seine 
(NutriScience). 

Institute of Medicine. Dietary Reference Intakes: Energy, 
Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, 
and Amino Acids (Macronutrition).  2002.  The National 
Academy Press.  

Isensee H, Jacob R. Differential effects of various oil diets 
on the risk of cardiac arrhythmias in rats.  Journal of 
Cardiovascular Risk 1994 Dec;1(4):353-9. 

Jahangiri A, Leifert WR, Patten GS, et al. Termination of 
asynchronous contractile activity in rat atrial myocytes by 
n-3 polyunsaturated fatty acids.  Molecular & Cellular 
Biochemistry 2000 Mar;206(1-2):33-41. 

James MJ, Gibson RA, Cleland LG. Dietary polyunsaturated 
fatty acids and inflammatory mediator production.  Am J 
Clin Nutr 2000;71(1 SUPPL.):343S-8S. 

Juan H, Peskar BA, Simmet T. Effect of exogenous 
5,8,11,14,17-eicosapentaenoic acid on cardiac anaphylaxis.  
Br J Pharmacol 1987 Feb;90(2):315-25. 

Kang JX, Leaf A. Effects of long-chain polyunsaturated 
fatty acids on the contraction of neonatal rat cardiac 
myocytes.  Proceedings of the National Academy of 
Sciences of the United States of America, Vol 91(21) (pp 
9886-9890), 1994 1994. 

Kang JX, Xiao YF, Leaf A. Free, long-chain, 
polyunsaturated fatty acids reduce membrane electrical 
excitability in neonatal rat cardiac myocytes.  Proc Natl 
Acad Sci U S A 1995a Apr 25;92(9):3997-4001. 

Kang JX, Leaf A. Prevention and termination of 
beta-adrenergic agonist-induced arrhythmias by free 
polyunsaturated fatty acids in neonatal rat cardiac myocytes.  
Biochem Biophys Res Commun 1995b Mar 
17;208(2):629-36. 



 

 63 

Kang JX, Leaf A. Protective effects of free polyunsaturated 
fatty acids on arrhythmias induced by 
lysophosphatidylcholine or palmitoylcarnitine in neonatal 
rat cardiac myocytes.  Eur J Pharmacol 1996 Feb 
15;297(1-2):97-106. 

Kang JX, Li Y, Leaf A. Regulation of sodium channel gene 
expression by class I antiarrhythmic drugs and n - 3 
polyunsaturated fatty acids in cultured neonatal rat cardiac 
myocytes.  Proc Natl Acad Sci U S A 1997 Mar 
18;94(6):2724-8. 

Karmazyn M, Horackova M, Murphy MG. Effects of dietary 
cod liver oil on fatty-acid composition and calcium transport 
in isolated adult rat ventricular myocytes and on the 
response of isolated hearts to ischemia and reperfusion.  Can 
J Physiol Pharmacol 1987;65(2):201-9. 

Kinoshita I, Itoh K, Nishida-Nakai M, et al. Antiarrhythmic 
effects of eicosapentaenoic acid during myocardial 
infarction--enhanced cardiac microsomal 
(Ca(2+)-Mg2+)-ATPase activity.  Jpn Circ J 1994 
Dec;58(12):903-12. 

Krummel D.  Nutrition in Cardiovascular Disease.  In: 
Mahan LK and Escot-Stump S, editors. Krause's Food, 
Nutrition, and Diet Therapy.  W.B. Saunder Company; 1996 

Ku K, Oku H, Alam MS, et al. Influences of dietary omega-3 
polyunsaturated fatty acids on the recovery of cardiac and 
renal functions after preservation in hyperlipidemic rats.  
Transplantation 1997 Aug 15;64(3):399-404. 

Lamers JM, Hartog JM, Guarnieri C, et al. Lipid 
peroxidation in normoxic and ischaemic-reperfused hearts 
of fish oil and lard fat fed pigs.  J Mol Cell Cardiol 1988 
Jul;20(7):605-15. 

Laustiola K, Salo MK, Metsa-Ketela T. Altered 
physiological responsiveness and decreased cyclic AMP 
levels in rat atria after dietary cod liver oil supplementation 
and its possible association with an increased membrane 
phospholipid n-3/n-6 fatty acid ratio.  Biochim Biophys 
Acta 1986 Oct 31;889(1):95-102. 

Leifert WR, McMurchie EJ, Saint DA. Inhibition of cardiac 
sodium currents in adult rat myocytes by n-3 
polyunsaturated fatty acids.  J Physiol (Lond ) 1999 Nov 
1;520 Pt 3:671-9. 

Leifert WR, Jahangiri A, Saint DA, et al. Effects of dietary 
n-3 fatty acids on contractility, Na+ and K+ currents in a rat 
cardiomyocyte model of arrhythmia.  Journal of Nutritional 
Biochemistry 2000a;11(7-8):382-92. 

Leifert WR, Jahangiri A, McMurchie EJ. Membrane fluidity 
changes are associated with the antiarrhythmic effects of 
docosahexaenoic acid in adult rat cardiomyocytes. Journal 
of Nutritional Biochemistry 2000b; 11(1):38-44. 

Leifert WR, Dorian CL, Jahangiri A, et al. Dietary fish oil 
prevents asynchronous contractility and alters 
Ca<sup>2+</sup> handling in adult rat cardiomyocytes.  
Journal of Nutritional Biochemistry 2001;12(6):365-76. 

Li Y, Kang JX, Leaf A. Differential effects of various 
eicosanoids on the production or prevention of arrhythmias 
in cultured neonatal rat cardiac myocytes.  Prostaglandins 
1997 Aug;54(2):511-30. 

Lo HM, Lin FY, Huang TS, et al. Effects of linolenic acid on 
the canine heart.  J Formos Med Assoc 1991 
Jun;90(6):536-40. 

Macleod JC, Macknight AD, Rodrigo GC. The electrical 
and mechanical response of adult guinea pig and rat 
ventricular myocytes to omega3 polyunsaturated fatty acids.  
Eur J Pharmacol 1998 Sep 4;356(2-3):261-70. 

Maixent JM, Gerbi A, Barbey O, et al. Dietary fish oil 
promotes positive inotropy of ouabain in the rat heart.  Am J 
Physiol Heart Circ Physiol 1999;277(6 
46-6):H2290-H2297. 

McLennan P, Howe P, Abeywardena M, et al. The 
cardiovascular protective role of docosahexaenoic acid.  Eur 
J Pharmacol 1996 Apr 4;300(1-2):83-9. 

McLennan PL, Abeywardena MY, Charnock JS. Reversal of 
the arrhythmogenic effects of long-term saturated fatty acid 
intake by dietary n-3 and n-6 polyunsaturated fatty acids.  
American Journal of Clinical Nutrition 1990 Jan;51(1):53-8. 

McLennan PL, Bridle TM, Abeywardena MY, et al. Dietary 
lipid modulation of ventricular fibrillation threshold in the 
marmoset monkey.  American Heart Journal 1992 
Jun;123(6):1555-61. 

McLennan PL, Bridle TM, Abeywardena MY, et al. 
Comparative efficacy of n-3 and n-6 polyunsaturated fatty 
acids in modulating ventricular fibrillation threshold in 
marmoset monkeys.  Am J Clin Nutr 1993 Nov;58(5):666-9. 

Minarovic I, Vojtko R, Sebokova E, et al. Effect of the 
high-fat diet on the calcium channels in rat myocardium.  
Annals of the New York Academy of Sciences, Vol 827 (pp 
550-555), 1997 1997. 

Mohrman, DE and Heller, LJ. Cardiovascular Physiology. 
Nogueira, I and Boyle, PJ. 5th. 2003. New York, Lange 
Medical Books/McGraw-Hill. 

Nair SS, Leitch JW, Falconer J, et al. Prevention of cardiac 
arrhythmia by dietary (n-3) polyunsaturat ed fatty acids and 
their mechanism of action. [Review] [93 refs].  Journal of 
Nutrition 1997 Mar;127(3):383-93. 

Negretti N, Perez MR, Walker D, et al. Inhibition of 
sarcoplasmic reticulum function by polyunsaturated fatty 



 

 64 

acids in intact, isolated myocytes from rat ventricular 
muscle.  J Physiol (Lond ) 2000;523(2):367-75. 

O'Neill SC, Perez MR, Hammond KE, et al. Direct and 
indirect modulation of rat cardiac sarcoplasmic reticulum 
function by n-3 polyunsaturated fatty acids.  J Physiol (Lond 
) 2002 Jan 1;538(Pt 1):179-84. 

Oskarsson HJ, Godwin J, Gunnar RM, et al. Dietary fish oil 
supplementation reduces myocardial infarct size in a canine 
model of ischemia and reperfusion.  J Am Coll Cardiol 1993 
Apr;21(5):1280-5. 

Otsuji S, Shibata N, Hirota H, et al. Highly purified 
eicosapentaenoic acid attenuates tissue damage in 
experimental myocardial infarction.  Jpn Circ J 1993 
Apr;57(4):335-43. 

Pepe S, Bogdanov K, Hallaq H, et al. Omega 3 
polyunsaturated fatty acid modulates dihydropyridine 
effects on L-type Ca2+ channels, cytosolic Ca2+, and 
contraction in adult rat cardiac myocytes.  Proc Natl Acad 
Sci U S A 1994 Sep 13;91(19):8832-6. 

Pepe S, McLennan PL. Dietary fish oil confers direct 
antiarrhythmic properties on the myocardium of rats.  
Journal of Nutrition 1996 Jan;126(1):34-42. 

Pepe S, Tsuchiya N, Lakatta EG, et al. PUFA and aging 
modulate cardiac mitochondrial membrane lipid 
composition and Ca2+ activation of PDH.  Am J Physiol 
Heart Circ Physiol 1999;276(1 45-1):H149-H158. 

Philipson KD, Ward R. Effects of fatty acids on Na+-Ca2+ 
exchange and Ca2+ permeability of cardiac sarcolemmal 
vesicles.  J Biol Chem 1985 Aug 15;260(17):9666-71. 

Philipson KD, Ward R. Modulation of Na+-Ca2+ exchange 
and Ca2+ permeability in cardiac sarcolemmal vesicles by 
doxylstearic acids.  Biochim Biophys Acta 1987 Feb 
12;897(1):152-8. 

Ponsard B, Durot I, Delerive P, et al. Cross-influence of 
membrane polyunsaturated fatty acids and 
hypoxia-reoxygenation on alpha- and beta-adrenergic 
function of rat cardiomyocytes.  Lipids 1999 
May;34(5):457-66. 

Reig J. Rat myocardial tissue lipids and their effect on 
ventricular electrical activity: Influence on dietary lipids.  
Cardiovasc Res 1993;27(3). 

Reithmann C, Scheininger C, Bulgan T, et al. Exposure to 
the n-3 polyunsaturated fatty acid docosahexaenoic acid 
impairs alpha 1-adrenoceptor-mediated contractile 
responses and inositol phosphate formation in rat 
cardiomyocytes.  Naunyn-Schmiedebergs Archives of 
Pharmacology 1996 Jul;354(2):109-19. 

Riemersma RA, Sargent CA. Dietary fish oil and ischaemic 
arrhythmias.  J Intern Med Suppl 1989;Supplement. 
225(731):111-6. 

Rinaldi B, Di Pierro P, Vitelli MR, et al. Effects of 
docosahexaenoic acid on calcium pathway in adult rat 
cardiomyocytes.  Life Sci 2002 Jul;71(9):993-1004. 

Rodrigo GC, Dhanapala S, Macknight AD. Effects of 
eicosapentaenoic acid on the contraction of intact, and 
spontaneous contraction of chemically permeabilized 
mammalian ventricular myocytes.  J Mol Cell Cardiol 1999 
Apr;31(4):733-43. 

Simopoulos AP. Evolutionary aspects of omega-3 fatty 
acids in the food supply.  Prostaglandins Leukotrienes and 
Essential Fatty Acids 1999;60(5-6):421-9. 

Swanson JE, Lokesh BR, Kinsella JE. Ca2+-Mg2+ ATPase 
of mouse cardiac sarcoplasmic reticulum is affected by 
membrane n-6 and n-3 polyunsaturated fatty acid content.  J 
Nutr 1989 Mar;119(3):364-72. 

Taffet GE, Pham TT, Bick DL, et al. The calcium uptake of 
the rat heart sarcoplasmic reticulum is altered by dietary 
lipid.  J Membr Biol 1993 Jan;131(1):35-42. 

USDA. Individual Fatty Acid Intakes: Results from the 1995 
Continuing Survey of Food Intakes by Individuals (data 
table set 4). Available online at 
<http://www.barc.usda.gov/bhnrc/foodsurvey/home.htm>.  

Vitelli MR, Filippelli A, Rinaldi B, et al. Effects of 
docosahexaenoic acid on [Ca<sup>2+</sup>]<inf>i</inf> 
increase induced by doxorubicin in ventricular rat 
cardiomyocytes.  Life Sci 2002;71(16):1905-16. 

Weylandt KH, Kang JX, Leaf A. Polyunsaturated fatty acids 
exert antiarrhythmic actions as free acids rather than in 
phospholipids.  Lipids 1996 Sep;31(9):977-82. 

Xiao YF, Kang JX, Morgan JP, et al. Blocking effects of 
polyunsaturated fatty acids on Na+ channels of neonatal rat 
ventricular myocytes.  Proc Natl Acad Sci U S A 1995 Nov 
21;92(24):11000-4. 

Xiao YF, Gomez AM, Morgan JP, et al. Suppression of 
voltage-gated L-type Ca2+ currents by polyunsaturated fatty 
acids in adult and neonatal rat ventricular myocytes.  Proc 
Natl Acad Sci U S A 1997 Apr 15;94(8):4182-7. 

Xiao YF, Morgan JP, Leaf A. Effects of polyunsaturated 
fatty acids on cardiac voltage-activated K(+) currents in 
adult ferret cardiomyocytes.  Sheng Li Hsueh Pao - Acta 
Physiologica Sinica 2002 Aug 25;54(4):271-81. 

Yang BC, Saldeen TG, Bryant JL, et al. Long-term dietary 
fish oil supplementation protects against 
ischemia-reperfusion-induced myocardial dysfunction in 



 

 65 

isolated rat hearts.  American Heart Journal 1993 
Dec;126(6):1287-92. 

 

 

 
 
 



 

67 

Listing of Excluded Studies 
 
Animal and isolated organ and cell culture rejected articles
 
1. No omega-3 fatty-acid treatment or inntervention (30 articles) 
 
Abeywardena MY; McMurchie EJ;Russell GR; Charnock 
JS. Species variation in the ouabain sensitivity of cardiac 
Na+/K+-ATPase. A possible role for membrane lipids, 
Biochemical Pharmacology, 11/15/84, 33, 22 
 
Abeywardena MY; McM urchie EJ; Russell GR; Sawyer 
WH; Charnock JS. Response of rat heart membranes and 
associated ion-transporting ATPases to dietary lipid, 
Biochimica et Biophysica Acta, 9/1/84, 776, 1 
 
Alam SQ; Mannino SJ; Alam BS; McDonough K. Effect of 
essential fatty acid deficiency on forskolin binding sites, 
adenylate cyclase and cyclic AMP-dependent protein kinase 
activity, the levels of G proteins and ventricular function in 
rat heart, Journal of Molecular & Cellular Cardiology, 
8/1/95, 27, 
 
Bachmann E; Weber E. Effects of corn oil addition to the 
diet on the energy metabolism of heart, liver and kidney of 
female rats, Pharmacology & Toxicology, 7/1/90, 67, 1 
 
Benediktsdottir VE; Curvers J; Gudbjarnason S. Time 
course of alterations in phospholipid fatty acids and number 
of beta-adrenoceptors in the rat heart during adrenergic 
stimulation in vivo, Journal of Molecular & Cellular 
Cardiology, 5/1/99, 31, 5 
 
Benediktsdottir VE; Skuladottir GV; Gudbjarnason S. 
Effects of ageing and adrenergic stimulation on alpha 1- and 
beta-adrenoceptors and phospholipid fatty acids in rat heart, 
European Journal of Pharmacology, 5/26/95, 289, 3 
 
Bhatnagar MK; Yamashiro S. Res Vet Sci 1979; 
26(2):183-188 
 
Charnock JS; Abeywardena MY; McMurchie EJ; Russell 
GR. The composition of cardiac phospholipids in rats fed 
different lipid supplements, Lipids, 3/1/84, 19, 3 
 
Charnock JS; McLennan PL; Abeywardena MY; Russell 
GR. Altered levels of n-6/n-3 fatty acids in rat heart and 
storage fat following variable dietary intake of linoleic acid, 
Annals of Nutrition & Metabolism, 1/1/85, 29, 5 
 
 
Horackova M; Murphy MG. Effects of chronic diabetes 
mellitus on the electrical and contractile activities, 45Ca2+ 

transport, fatty acid profiles and ultrastructure of isolated rat 
ventricular myocytes, Pflugers Archiv - European Journal of 
Physiology, 5/1/88, 411, 5 
Kako KJ; Vasdev SC; Narbaitz R. Lipid metabolism, 
contractility, and ultrastructure of hearts of rats fed a 
mustard seed oil diet, Advances in Myocardiology, 1/1/80, 2 
 
Katzeff I; Levin G; Hurwitz ML; Rosendorff C. Dietary 
fatty acid saturation affects coconary vascular resistance and 
beta-adrenoceptors in the rat heart, Progress in Lipid 
Research, 1/1/86, 25, 479-483; 10 ref. 
 
Kim RS; LaBella FS. The effect of linoleic and arachidonic 
acid derivatives on calcium transport in vesicles from 
cardiac sarcoplasmic reticulum, Journal of Molecular & 
Cellular Cardiology, 2/1/88, 20, 2 
 
Kim RS; Sukhu B; LaBella FS. Lipoxygenase-induced lipid 
peroxidation of isolated cardiac microsomes modulates their 
calcium-transporting function, Biochimica et Biophysica 
Acta, 7/22/88, 961, 2 
 
Lepran I; Nemecz G; Koltai M, et al. J Cardiovasc 
Pharmacol 1981; 3(4):847-853 
 
Mentz P; Forster W. The influence of unsaturated fatty acids 
on prostaglandin-release in isolated perfused guinea-pig 
hearts, Prostaglandins, 7/1/77, 14, 1 
 
Nakajima T; Kurachi Y; Ito H; Takikawa R; Sugimoto T. 
Anti-cholinergic effects of quinidine, disopyramide, and 
procainamide in isolated atrial myocytes: mediation by 
different molecular mechanisms, Circulation Research, 
2/1/89, 64, 2 
 
Nakao S; Ebata H; Hamamoto T; Kagawa Y; Hirata H. 
Solubilization and reconstitution of voltage-dependent 
calcium channel from bovine cardiac muscle. Ca2+ influx 
assay using the fluorescent dye Quin2, Biochimica et 
Biophysica Acta, 10/20/88, 944, 3 
 
Navarro MD; Periago JL; Pita ML; Hortelano P. The n-3 
polyunsaturated fatty acid levels in rat tissue lipids increase 
in response to dietary olive oil relative to sunflower oil, 
Lipids, 12/1/94, 29, 12 
 
Oddis CV; Mayer OH; Finkel MS. Prostaglandins 
Leukotrienes & Essential Fatty Acids 1996; 54(3):223-228 



 

68 

 
Phillis JW; Diaz FG; O'Regan MH; Pilitsis JG. Effects of 
immunosuppressants, calcineurin inhibition, and blockade 
of endoplasmic reticulum calcium channels on free fatty 
acid efflux from the ischemic/reperfused rat cerebral cortex, 
Brain Research, 12/6/02, 957, 1 
 
Phylactos AC; Harbige LS; Crawford MA. Essential fatty 
acids alter the activity of manganese-superoxide dismutase 
in rat heart, Lipids, 2/1/94, 29, 2 
 
Sexton PT; Sinclair AJ; O' Dea K; Sanigorski AJ; Walsh J. 
The relationship between linoleic acid level in serum, 
adipose tissue and myocardium in humans, Asia Pacific 
Journal of Clinical Nutrition, 4/1/95, 4, 3 
 
Skuladottir GV; Schioth HB; Gudbjarnason S. 
Polyunsaturated fatty acids in heart muscle and alpha 
1-adrenoceptor binding properties, Biochimica et 
Biophysica Acta, 7/28/93, 1178, 1 
 
Starkopf J; Andreasen TV; Bugge E; Ytrehus K. Lipid 
peroxidation, arachidonic acid and products of the 
lipoxygenase pathway in ischaemic preconditioning of rat 
heart, Cardiovascular Research, 1/1/98, 37, 1 

 
Sugiyama S; Miyazaki Y; Kotaka K. Mechanism of free 
fatty acid-induced arrhythmias, Journal of 
Electrocardiology, 1/1/82, 15, 3 
 
Wahle KW; Milne L; McIntosh G. Regulation of 
polyunsaturated fatty acid metabolism in tissue 
phospholipids of obese (fa/fa) and lean (Fa/-) Zucker rats. 1. 
Effect of dietary lipids on cardiac tissue, Lipids, 1/1/91, 26, 
1 
 
Wallert MA; Ackerman MJ; Kim D; Clapham DE. Two 
novel cardiac atrial K+ channels, I(K.AA) and I(K.PC), 
Journal of General Physiology, 1/1/91, 98, 5 
 
Wallukat G; Morwinski R; Kuhn H. Modulation of the 
beta-adrenergic response of cardiomyocytes by specific 
lipoxygenase products involves their incorporation into 
phosphatidylinositol and activation of prot ein kinase C, 
Journal of Biological Chemistry, 11/18/94, 269, 46 
 
Ziemlanski S; Rosnowski A; Opuszynska FT. Acta Medica 
Polona 1973; 14(4):279-290 

2. Not cardiac cells (4 articles) 
 
MacLeod DC. Effect of Dietary Polyunsaturated Fatty Acids 
on Contraction and Relaxation of Rat Femoral Resistance 
Arteries, Journal of Cardiovascular Pharmacology, 1/1/94, 
23, 1 
 
Sawazaki S; Nakamura N; Hamazaki T; Yamazaki K; 
Urakaze M; Yano S. Intravenous infusion of 
trieicosapentaenoyl-glycerol and LTB4 and LTB5 
production by leukocytes of rabbits, American Journal of  
Physiology - Heart & Circulatory Physiology, 1/1/92, 262, 6 
31-6 
 

Wang DW; Zhao HY. Prevention of atherosclerotic arterial 
stenosis and restenosis after angioplasty with Andrographis 
paniculata nees and fish oil. Experimental studies of effects 
and mechanisms, Chinese Medical Journal, 6/1/94, 107, 6 
 
Yong L; Watkins BA; Yong L. Conjugated linoleic acids 
alter bone fatty acid composition and reduce ex vivo 
prostaglandin E2 biosynthesis in rats fed n-6 or n-3 fatty 
acids, Lipids, 3/1/98, 33, 4 
 
 
 
 

 
 
3. Fatty acid compositions or metabolic products only (33 articles) 
 
Abeywardena MY; McLennan PL; Charnock JS. 
Differential effects of dietary fish oil on myocardial 
prostaglandin I2 and thromboxane A2 production, American 
Journal of Physiology, 2/1/91, 260, 2 Pt 2 
 
 
 
 
 

 
 
Bell JG; Dick JR; Sargent JR; McVicar AH. Dietary linoleic 
acid affects phospholipid fatty acid composition in heart and 
eicosanoid production by cardiomyocetes from Atlantic 
salmon (Salmo salar), Comparative Biochemistry & 
Physiology, 1/1/92, A, Physiology. 103, 2 
 
Berlin E; Kim CS; McClure D; Banks MA; Peters RC. Brain 
and heart membrane fatty acid composition in miniature 
swine fed diets containing corn and menhaden oils, 
Nutrition Research, 1/1/98, 18, 4 



 

69 

 
Charnock JS; Abeywardena MY; Tan D; McLennan PL. 
Omega-3 and omega-6 PUFA's have different effects on the 
phospholipid fatty acid composition of rat myocardial 
muscle when added to a saturated fatty acid dietary 
supplement, Nutrition Research, 1/1/91, 11, 9 
 
Charnock JS; Dryden WF; McMurchie EJ; Abeywardena 
MY; Russell GR. Differences in the fatty acid composition 
of atrial and ventricular phospholipids of rat heart following 
standard and lipid-supplemented diets, Comparative 
Biochemistry & Physiology - B: Comparative Biochemistry, 
1/1/83, 75, 1 
 
Hooper L. Dietary fat intake and prevention of 
cardiovascular disease: Systematic review, British Medical 
Journal, 7/1/01, [print] 322, 7289 
 
Innis SM; Clandinin MT. Dynamic modulation of 
mitochondrial inner-membrane lipids in rat heart by dietary 
fat, Biochemical Journal, 1/1/81, 193, 1 
 
Lee CR; Beattie OP; Hamm MW. Saturated, n-6, or n-3 fatty 
acids and cholesterol supplementation: differential effects 
on liver and heart lipid composition, Nutrition Research, 
9/1/89, 9, 
 
Loo G; Berlin E; Peters RC; Kliman PG; Wong HYC. Effect 
of dietary corn, coconut, and menhaden oils on lipoprotein, 
liver, and heart membrane composition in the 
hypercholesterolemic rabbit, Journal of Nutritional 
Biochemistry, 2/1/91, 2, 11 
 
Lu GP; Surette ME; Whelan J; Kinsella JE. Dietary n-3 
polyunsaturated fatty acids alter cardiac lipids in hamsters, 
Nutrition Research, 1/1/93, 13, 7 
 
McGee CD; Lieberman P; Greenwood CE. Dietary fatty 
acid composition induces comparable changes in cardiolipin 
fatty acid profile of heart and brain mitochondria, Lipids, 
1/1/96, 31, 6 
 
McHowat J; Creer MH; Hicks KK; Jones JH; McCrory R; 
Kennedy RH. Induction of Ca-independent PLA(2) and 
conservation of plasmalogen polyunsaturated fatty acids in 
diabetic heart, American Journal of Physiology - 
Endocrinology & Metabolism, 7/1/00, 279, 1 
 
McMurchie EJ; Burnard SL; Rinaldi JA; Patten GS; 
Neumann M; Gibson RA. Cardiac membrane lipid 
composition and adenylate cyclase activity following 
dietary eicosapentaenoic acid supplementation in the 
marmoset monkey, Journal of Nutritional Biochemistry, 
3/1/92, 3, 1 
 

McMurchie EJ; Patten GS; McLennan PL; Charnock JS; 
Nestel PJ. The influence of dietary lipid supplementation on 
cardiac beta-adrenergic receptor adenylate cyclase activity 
in the marmoset monkey, Biochimica et Biophysica Acta, 
1/22/88, 937, 2 
 
Meij JT; Bordoni A; Dekkers DH; Guarnieri C; Lamers JM. 
Alterations in polyunsaturated fatty acid composition of 
cardiac membrane phospholipids and alpha 1 adrenoceptor 
mediated phosphatidylinositol turnover, Cardiovascular 
Research, 2/1/90, 24, 2 
 
Montfoort A; Rutten-van Beysterveld CC; Wortelboer MR. 
Molecular species of diacylphosphatidylethanolamine in rat 
and mouse heart given the same diet, Biochemistry 
International, 5/1/83, 6, 5 
 
Nada MA; Abdel-Aleem S; Schulz H. On the rate-limiting 
step in the beta-oxidation of polyunsaturated fatty acids in 
the heart, Biochimica et Biophysica Acta, 4/6/95, 1255, 3 
 
Nair SS; Leitch J; Garg ML. Suppression of inositol 
phosphate release by cardiac myocytes isolated from fish 
oil-fed pigs, Molecular & Cellular Biochemistry, 12/1/00, 
215, 1-2 
 
Nair SSD; Leitch J; Garg ML. N-3 polyunsaturated fatty 
acid supplementation alters inositol phosphate metabolism 
and protein kinase C activity in adult porcine cardiac 
myocytes, Journal of Nutritional Biochemistry, 1/1/01, 12, 1 
 
Nalbone G; Grynberg A; Chevalier A; Leonardi J; Termine 
E;Lafont H. Phospholipase A activity of cultured rat 
ventricular myocyte is affected by the nature of cellular 
polyunsaturated fatty acids, Lipids, 6/1/90, 25, 6 
 
Navarro MD; Hortelano P; Periago JL; Pita ML. Effect of 
dietary olive and sunflower oils on the lipid composition of 
the aorta and platelets and on blood eicosanoids in rats, 
Arteriosclerosis & Thrombosis, 1/1/92, 12, 7 
 
Otten W; Iaizzo PA; Eichinger HM. Effects of a high n-3 
fatty acid diet on membrane lipid composition of heart and 
skeletal muscle in normal swine and in swine with the 
genetic mutation for malignant hyperthermia, Journal of 
Lipid Research, 10/1/97, 38, 10 
 
Pehowich DJ. Hypothyroid state and membrane fatty acid 
composition influence cardiac mitochondrial pyruvate 
oxidation, Biochimica et Biophysica Acta - Biomembranes, 
Vol 1235(2) (pp 231-238), 1995, 1/1/95 
 
 
 
 



 

70 

Robblee NM; Clandinin MT. Effect of dietary fat level and 
polyunsaturated fatty acid content on the phospholipid 
composition of rat cardiac mitochondrial membranes and 
mitochondrial ATPase activity, Journal of Nutrition, 1/1/84, 
114, 2 
 
Shu GC; Hatch GM. Stimulation of 
phosphatidylglycerolphosphate phosphatase activity by 
unsaturated fatty acids in rat heart, Lipids, 1/1/94, 29, 7 
 
Steel MS. Arachidonic acid supplementation 
dose-dependently reverses the effects of a butter-enriched 
diets in rats, Prostaglandins Leukotrienes & Essential Fatty 
Acids, 1/1/93, 48, 3 
 
Tahin QS; Blum M; Carafoli E. The fatty acid composition 
of subcellular membranes of rat liver, heart, and brain: 
diet-induced modifications, European Journal of 
Biochemistry, 12/1/81, 121, 1 
 
Takeo S; Nasa Y; Tanonaka K; Yabe K; Nojiri M; Hayashi 
M; Sasaki H; Ida K; Yanai K. Effects of long-term treatment 

with eicosapentaenoic acid on the heart subjected to 
ischemia/reperfusion and hypoxia/reoxygenation in rats, 
Molecular & Cellular Biochemistry, 11/1/98, 188, 1-2 
 
Watkins SM; Lin TY; Davis RM; Ching JR; DePeters EJ; 
Halpern GM; Walzem RL; German JB. Unique 
phospholipid metabolism in mouse heart in response to 
dietary docosahexaenoic or alpha-linolenic acids, Lipids, 
3/1/01, 36, 
 
Weber N; Mukherjee KD. Steep rise of docosahexaenoic 
acid in phosphatidylethanolamines of heart and liver of rats 
fed native olive oil or rapeseed oil, Nutrition Research, 
1/1/98, 18, 5 
 
 
 
 
 
 

 
 
 
4. Not specific to arrhythmia or no outcomes of interests (31 articles)
 
 
Adan Y; Shibata K; Sato M; Ikeda I; Imaizumi K. Effects of 
docosahexaenoic and eicosapentaenoic acid on lipid 
metabolism, eicosanoid production, platelet aggregation and 
atherosclerosis in hypercholesterolemic rats, Bioscience, 
Biotechnology & Biochemistry, 1/1/99, 63, 1 
 
Barbosa AM; Mandarim-de-Lacerda CA. Virchows Archiv 
1999; 434(5):451-453 
 
Benediktsdottir VE; Gudbjarnason S. Modification of the 
fatty acid composition of rat heart sarcolemma with dietary 
cod liver oil, corn oil or butter, Journal of Molecular & 
Cellular Cardiology, 2/1/88, 20, 
 
Biagi P; Bordoni A; Lorenzini A, et al. Mechanisms of 
Ageing & Development 1999; 107(2):181-195 
 
Black KL; Culp B; Madison D. The protective effects of 
dietary fish oil on focal cerebral infarction, Prostaglandins 
and Medicine, Vol 3(5) (pp 257-268), 1979, 6/1/80 
 
Bodak A; Hatt PY. Myocardial lesions induced by rapeseed 
oil-rich diet in the rat: ultrastructural aspects, Recent 
Advances in Studies on Cardiac Structure & Metabolism, 
1/1/75, 6 
 
 

 
Bolton HS; Chanderbhan R; Bryant RW; Bailey JM; 
Weglicki WB; Vahouny GV. Prostaglandin synthesis by 
adult heart myocytes, Journal of Molecular & Cellular 
Cardiology, 11/1/80, 12, 11 
 
De Craemer D. Peroxisomes in liver, heart, and kidney of 
mice fed a commercial fish oil preparation: Original data 
and review on peroxisomal changes induced by high-fat 
diets, Journal of Lipid Research, 1/1/94, 35, 
 
Forsyth GW; Carter KE; Loew FM; Ackman RG. Heart 
mitochondrial metabolism after feeding herring oil to rats 
and monkeys, Lipids, 12/1/77, 12, 10 
 
Gerbi A; Barbey O; Raccah D; Coste T; Jamme I; Nouvelot 
A; Ouafik L; Levy S; Vague P; Maixent JM. Alteration of 
Na,K-ATPase isoenzymes in diabetic cardiomyopathy: 
effect of dietary supplementation with fish oil (n-3 fatty 
acids) in rats, Diabetologia, 5/1/97, 40, 
 
Gunther J; Kutscherskij E. Adv Myocardiol 1982; 
3:329-334 
 
Grynberg A; Astorg PO; Lherminier J. Statistical analysis of 
the size of heart mitochondria in rats fed sunflower oil, 
primor oil or rapeseed oil, Biological Structures & 
Morphogenesis, 1/1/88, 1, 2 



 

71 

Hartog JM; Verdouw PD; Klompe M; Lamers JM. Dietary 
mackerel oil in pigs: effect on plasma lipids, cardiac 
sarcolemmal phospholipids and cardiovascular parameters, 
Journal of Nutrition, 8/1/87, 117, 8 
 
Kang JX; Leaf A. Evidence that free polyunsaturated fatty 
acids modify Na+ channels by directly binding to the 
channel proteins, Proceedings of the National Academy of 
Sciences of the United States of America, 4/16/96, 93, 8 
 
Kramer JK. Comparative studies on composition of cardiac 
phospholipids in rats fed different vegetable oils, Lipids, 
9/1/80, 15, 9 
 
Malecki EA; Greger JL. Manganese protects against heart 
mitochondrial lipid peroxidation in rats fed high levels of 
polyunsaturated fatty acids, Journal of Nutrition, 1/1/96, 
126, 1 
 
Manas M; Mataix J; Quiles JL; Huertas JR; Battino M. 
Tissue specific interactions of exercise, dietary fatty acids, 
and vitamin e in lipid peroxidation, Free Radical Biology & 
Medicine, 1/1/98, 24, 4 
 
McMillin JB; Bick RJ; Benedict CR. Influence of dietary 
fish oil on mitochondrial function and response to ischemia, 
American Journal of Physiology, 11/1/92, 263, 5 Pt 2 
 
Mills DE; Ward RP. Effects of essential fatty acid 
administration on cardiovascular responses to stress in the 
rat, Lipids, 2/1/86, 21, 2 
 
Mills DE; Ward RP. Effects of eicosapentaenoic acid (20:5 
omega 3) on stress reactivity in rats, Proceedings of the 
Society for Experimental Biology & Medicine, 5/1/86, 182, 
1 
 
Needleman P; Wyche A; Sprecher H; Elliott WJ; Evers A. A 
unique cardiac cytosolic acyltransferase with preferential 
selectivity for fatty acids that form 
cyclooxygenase/lipoxygenase metabolites and reverse 
essential fatty acid deficiency, Biochimica et Biophysica 
Acta, 9/11/85, 836, 2 
 
Nishimura M; Nanbu A; Komori T; Ohtsuka K; Takahashi 
H; Yoshimura M. Eicosapentaenoic acid stimulates nitric 
oxide production and decreases cardiac noradrenaline in 

diabetic rats, Clinical & Experimental Pharmacology & 
Physiology, 8/1/00, 27, 8 
 
Pakala R. Vascular smooth muscle cells preloaded with 
eicosapentaenoic acid and docosahexaenoic acid fail to 
respond to serotonin stimulation, Atherosclerosis, 4/1/00, 
[print] 153, 1 
 
Pehowich DJ; Awumey EMK. Influence of hypothyroid 
state on cardiac sarcolemmal incorporation of dietary 
omega-6 and omega-3 fatty acids, Nutrition Research, 
1/1/95, 15, 8 
 
Power GW; Newsholme EA. Dietary fatty acids influence 
the activity and metabolic control of mitochondrial carnitine 
palmitoyltransferase I in rat heart and skeletal muscle, 
Journal of Nutrition, 12/1/97, 127, 11 
 
Totland GK; Madsen L; Klementsen B; Vaagenes H; Kryvi 
H; Froyland L; Hexeberg S; Berge RK. Proliferation of 
mitochondria and gene expression of carnitine 
palmitoyltransferase and fatty acyl-CoA oxidase in rat 
skeletal muscle, heart and liver by hypolipidemic fatty acids, 
Biology of the Cell, 8/1/00, 92, 5 
 
Vamecq J; Vallee L; de la Porte PL; Fontaine M; de Craemer 
D; van den BC; Lafont H; Grataroli R; Nalbone G. Effect of 
various n-3/n-6 fatty acid ratio contents of high fat diets on 
rat liver and heart peroxisomal and mitochondrial 
beta-oxidation, Biochimica et Biophysica Acta, 10/13/93, 
1170, 
 
Yamaoka S; Urade R; Kito M. Cardiolipin molecular 
species in rat heart mitochondria are sensitive to essential 
fatty acid-deficient dietary lipids, Journal of Nutrition, 
1/1/90, 120, 5 
 
Yamashiro S; Clandinin MT. Myocardial ultrastructure of 
rats fed high and low erucic acid rapeseed oils, Experimental 
& Molecular Pathology, 1/1/80, 33, 1 
 
Yun KL; Fann JI; Sokoloff MH; Fong LG; Sarris GE; 
Billingham ME; Miller DC. Dose response of fish oil versus 
safflower oil on graft arteriosclerosis in rabbit heterotopic 
cardiac allografts, Annals of Surgery, 8/1/91, 214, 2 
 

 
 
 
 
 
 
 



 

72 

 
5. Other reasons and articles about other parameters not sufficiently relevant (90 
articles) 
 
Abeywardena MY; McLennan PL; Charnock JS. 
Differences between in vivo and in vitro production of 
eicosanoids following long-term dietary fish oil 
supplementation in the rat, Prostaglandins Leukotrienes & 
Essential Fatty Acids, 3/1/91, 42, 3 
 
Abeywardena MY; McLennan PL; Charnock JS. Long-term 
saturated fat feeding induced changes in rat myocardial 
phospholipid fatty acids are reversed by cross-over to 
polyunsaturated diets: Differences between n-3 and n-6 lipid 
supplements, Nutrition Research, 1/1/87, 7, 7 
 
Abeywardena MY; McLennan PL; Charnock JS. Changes in 
myocardial eicosanoid production following long-term  
dietary lipid supplementation in rats, American Journal of 
Clinical Nutrition, 4/1/91, 53, 4 Suppl 
 
Agren JJ. Effect of moderate freshwater fish diet on 
erythrocyte ghost phospholipid fatty acids, Annals of 
Medicine, 1/1/91, 23, 3 
 
al Makdessi S; Sweidan H; Jacob R. n-3 versus n-6 fatty acid 
incorporation into the phospholipids of rat heart 
sarcolemma. A comparative study of four different oil diets, 
Journal of Molecular & Cellular Cardiology, 1/1/94, 26, 1 
 
Alam SQ;Ren YF;Alam BS;, [3H]forskolin- and 
[3H]dihydroalprenolol-binding sites and adenylate cyclase 
activity in heart of rats fed diets containing different oils, 
Lipids, 3/1/88, 23, 3 
 
Asano M; Nakajima T; Hazama H; Iwasawa K; Tomaru T; 
Omata M; Soma M; Asakura Y; Mizutani M; Suzuki S; 
Yamashita K; Okuda Y. Influence of cellular incorporation 
of n-3 eicosapentaenoic acid on intracellular Ca2+ 
concentration and membrane potential in vascular smooth 
muscle cells, Atherosclerosis, 1/1/98, 138, 1 
 
Asano M; Nakajima T; Iwasawa K; Asakura Y; Morita T; 
Nakamura F; Tomaru T; Wang Y; Goto A; Toyo-oka T; 
Soma M; Suzuki S; Okuda Y. Eicosapentaenoic acid inhibits 
vasopressin-activated Ca2+ influx and cell proliferation in 
rat aortic smooth muscle cell lines, European Journal of 
Pharmacology, 8/27/99, 379, 2-3 
 
Asano M; Nakajima T; Iwasawa K; Hazama H; Omata M; 
Soma M; Yamashita K; Okuda Y. Inhibitory effects of 
omega-3 polyunsaturated fatty acids on receptor-mediated 
non-selective cation currents in rat A7r5 vascular smooth 
muscle cells, British Journal of Pharmacology, 4/1/97, 120, 
7 
 

Awumey EM; Paton DM; Pehowich DJ. Thyroid status and 
dietary fatty acids affect beta-adrenoceptor agonist 
stimulation of tension development in rat myocardium, 
Journal of Autonomic Pharmacology, 4/1/95, 15, 2 
 
Barzanti V; Battino M; Baracca A, et al. Br J Nutr 1994; 
71(2):193-202 
 
Berlin E; McClure D; Banks MA; Peters RC. Heart and liver 
fatty acid composition and vitamin E content in miniature 
swine fed diets containing corn and menhaden oils, 
Comparative Biochemistry & Physiology, 9/1/94, 
Physiology. 109, 1 
 
Billman GE; Kang JX; Leaf A. Lipids. 3/1/1997 
 
Black SC; Katz S; McNeill JH. Influence of omega-3 fatty 
acid treatment on cardiac phospholipid composition and 
coronary flow of streptozocin-diabetic rats, Metabolism: 
Clinical & Experimental, 3/1/93, 42, 3 
 
Bordoni A; Biagi PL; Turchetto E; Rossi CA; Hrelia S. 
Cardioscience. 12/1/1992 
 
Bordoni A; Tantini B; Clo C; Turchetto E. Influence of 
docosahexaenoic acid on phosphatidylinositol metabolism 
in cultured cardiomyocytes, Cardioscience, 12/1/90, 1, 4 
 
Bouroudian M; Nalbone G; Grynberg A; Leonardi J; Lafont 
H. In vitro study of docosahexaenoic acid incorporation into 
phosphatidylcholine by enzymes of rat heart, Molecular & 
Cellular Biochemistry, 3/27/90, 93, 2 
 
Chardigny JM; Moreau D. Effects of dietary fats on cardiac 
performance and substrate utilization in isolated perfused rat 
hearts, Nutrition Research, 11/1/91, 11, 2-3 
 
Charnock JS; Abeywardena MY; McLennan PL. 
Comparative changes in the fatty-acid composition of rat 
cardiac phospholipids after long-term feeding of sunflower 
seed oil- or tuna fish oil-supplemented diets, Annals of 
Nutrition & Metabolism, 1/1/86, 30, 6 
 
Charnock JS; Abeywardena MY; McLennan PL. The effect 
of different dietary lipid supplements on the non-esterified 
fatty acid composition of normoxic rat hearts: A link 
between nutrition and cardiac arrhythmia, Nutrition 
Research, 1/1/92, 12, 12 
 
Chen MF; Lee YT; Hsu HC et al. Int J Cardiol 1992; 
36(3):297-304 



 

73 

 
Delerive P; Oudot F; Ponsard B; Talpin S; Sergiel JP; 
Cordelet C; Athias P; Grynberg A. Hypoxia-reoxygenation 
and polyunsaturated fatty acids modulate adrenergic 
functions in cultured cardiomyocytes, Journal of Molecular 
& Cellular Cardiology, 2/1/99, 31, 2 
 
Demaison L; Grynberg A. Reprod Nutr Dev 1991; 
31(1):37-45 
 
Demaison L; Moreau D; Vergely-Vandriesse C et al. Effects 
of dietary polyunsaturated fatty acids and hepatic steatosis 
on the functioning of isolated working rat heart under 
normoxic conditions and during post-ischemic reperfusion. 
Mol Cell Biochem 2001; 224: 103-116 
 
Demaison L; Sergiel JP; Moreau D; Grynberg A. Influence 
of the phospholipid n-6/n-3 polyunsaturated fatty acid ratio 
on the mitochondrial oxidative metabolism before and after 
myocardial ischemia, Biochimica et Biophysica Acta, 
10/21/94, 1227, 1-2 
 
Denson DD; Wang X; Worrell RT; Eaton DC. Effects of 
fatty acids on BK channels in GH(3) cells, American Journal 
of Physiology - Cell Physiology, 10/1/00, 279, 4 
 
Diaz O; Berquand A; Dubois M, et al. Journal of Biological 
Chemistry 2002; 277(42):39368-39378 
 
Djemli-Shipkolye AR. Differential Effect of w3 PUFA 
Supplementations on Na,K-ATPase and Mg-ATPase 
Activities: Possible Role of the Membrane w6/w3 Ratio, 
Journal of Membrane Biology, 1/1/03, 191, 1 
 
Du XJ;Dart AM;Riemersma RA;, Lack of modulation by 
dietary unsaturated fats on sympathetic neurotransmission in 
rat hearts, American Journal of Physiology, 9/1/93, 265, 3 Pt 
2 
Dubois M; Croset M; Nemoz G; Lagarde M; Prigent AF. 
Modulation of cyclic nucleotide phosphodiesterase by 
dietary fats in rat heart, Lipids, 10/1/92, 27, 10 
 
Finkel MS; Romeo RC; Hartsell TL, et al. J Cardiovasc 
Pharmacol 1992; 20(4):563-571 
 
Forster W; Mentz P; Blass KE; Mest HJ. Antiarrhythmic 
effects of arachidonic, linoleic, linolenic, and oleic acid, and 
the influence of indomethacin and polyphloretinephosphate, 
Advances in Prostaglandin & Thromboxane Research, 
1/1/76, 1 
 
Garratt JC; McEvoy MP; Owen DG. Blockade of two 
voltage-dependent potassium channels, mKv1.1 and 
mKv1.2, by docosahexaenoic acid, European Journal of 
Pharmacology, 10/31/96, 314, 3 

 
Germain E; Bonnet P; Aubourg L; Grangeponte MC; Chajes 
V; Bougnoux P. Anthracycline-induced cardiac toxicity is 
not increased by dietary omega-3 fatty acids, 
Pharmacological Research, 1/1/03, 47, 2 
 
Grynberg A; Degois M; Rocquelin G. Succinate 
dehydrogenase activity in relation with cardiac morphology 
in rats fed low erucic acid rapeseed oil, Archives d’ 
Anatomie Microscopique et de Morphologie Experimentale, 
1/1/84, 73, 4 
 
Grynberg A; Nalbone G; Leonardi J; Lafont H; Athias P. 
Eicosapentaenoic and docosahexaenoic acids in cultured rat 
ventricular myocytes and hypoxia-induced alterations of 
phospholipase-A activity, Molecular & Cellular 
Biochemistry, 10/21/92, 116, 1-2 
 
Hartog JM; Lamers JM; Montfoort A; Becker AE; Klompe 
M; Morse H; ten Cate FJ; van der WL; Hulsmann WC; 
Hugenholtz PG. Comparison of mackerel-oil and lard-fat 
enriched diets on plasma lipids, cardiac membrane 
phospholipids, cardiovascular performance, and 
morphology in young pigs, American Journal of Clinical 
Nutrition, 8/1/87, 46, 2 
 
Hasin Y; Sarel O; Shefer A; Raz S; Gotsman MS. Dietary 
lipid intake and myocardial electrophysiology, Israel 
Journal of Medical Sciences, 12/1/87, 23, 12 
Hazama H; Nakajima T; Asano M; Iwasawa K; Morita T; 
Igarashi K; Nagata T; Horiuchi T; Suzuki J; Soma M;Okuda 
Y. Omega-3 polyunsaturated fatty acids--modulation of 
voltage-dependent L-type Ca2+ current in guinea-pig 
tracheal smooth muscle cells, European Journal of 
Pharmacology, 8/21/98, 355, 2-3 
 
Hirafuji M; Ebihara T; Kawahara F; Hamaue N; Endo T; 
Minami M. Inhibition by docosahexaenoic acid of 
receptor-mediated Ca<sup>2+</sup> influx in rat vascular 
smooth muscle cells stimulated with 5-hydroxytryptamine, 
European Journal of Pharmacology, 1/1/01, 427, 3 
 
Hirafuji M; Ebihara T; Kawahara F;Nezu A; Taminura A; 
Saito H; Minami M. Effect of docosahexaenoic acid on 
intracellular calcium dynamics in vascular smooth muscle 
cells from normotensive and genetically hypertensive rats, 
Research Communications in Molecular Pathology & 
Pharmacology, 10/1/98, 102, 1 
 
Honen BN; Saint DA. Polyunsaturated dietary fats change 
the properties of calcium sparks in adult rat atrial myocytes, 
Journal of Nutritional Biochemistry, 1/1/02, 13, 6 
 
Hong MY; Chapkin RS; Barhoumi R et al. Carcinogenesis 
2002; 23(11):1919-1925 
 



 

74 

Kakar SS; Huang WH; Askari A. Control of cardiac sodium 
pump by long-chain acyl coenzymes A, Journal of 
Biological Chemistry, 1/5/87, 262, 1 
 
Karanian JW. Inhibitory effects of n-6 and n-3 hydroxy fatty 
acids on thromboxane (U46619)-induced smooth muscle 
contraction, Journal of Pharmacology & Experimental 
Therapeutics, 1/1/94, 270, 3 
 
Kearns RJ; Hayek MG; Turek JJ et al. Veterinary 
Immunology & Immunopathology 1999; 69(2-4):165-183 
 
Kim D; Sladek CD; Aguado-Velasco C; Mathiasen JR. 
Arachidonic acid activation of a new family of K+ channels 
in cultured rat neuronal cells, Journal of Physiology, 5/1/95, 
484, Pt 3 
 
Kohno M; Ohmori K; Wada Y; Kondo I; Noma T; Fujita N; 
Mizushige K; Mandal AK. Inhibition by eicosapentaenoic 
acid of oxidized-LDL- and 
lysophosphatidylcholine-induced human coronary artery 
smooth muscle cell production of endothelin, Journal of 
Vascular Research, 7/1/01, 38, 4 
 
Ku K; Nosaka S; Hashimoto M et al. Transplantation 1996; 
62(6):735-742 
 
Lauritzen I; Blondeau N; Heurteaux C; Widmann C; Romey 
G; Lazdunski M. Polyunsaturated fatty acids are potent 
neuroprotectors, EMBO Journal, 4/17/00, 19, 8 
 
Lee SH; Clandinin MT;, Effect of dietary fat on the 
utilization of fatty acids by myocardial tissue in the rat, 
Journal of Nutrition, 11/1/86, 116, 11 
 
Lehr HA; Hubner C; Nolte D; Kohlschutter A; Messmer K. 
Dietary fish oil blocks the microcirculatory manifestations 
of ischemia-reperfusion injury in striated muscle in 
hamsters, Proceedings of the National Academy of Sciences 
of the United States of America, 8/1/91, 88, 15 
 
Locher R; Sachinidis A; Brunner C; Vetter W. Scandinavian 
Journal of Clinical & Laboratory Investigation. 1991 
 
Luostarinen R; Wallin R;Saldeen T. Dietary (n-3) fatty acids 
increase superoxide dismutase activity and decrease 
thromboxane production in the rat heart, Nutrition Research, 
1/1/97, 17, 1 
 
Matsui H; Morishima I; Hayashi K; Kamiya H; Saburi Y; 
Okumura K. Dietary fish oil does not prevent 
doxorubicin-induced cardiomyopathy in rats, Canadian 
Journal of Cardiology, 3/1/02, 18, 3 
 

Mayol V; Duran MJ; Dignat-George F; Levy S; Sampol J, et 
al. Atherosclerosis. 1998 
 
McMurchie EJ; Patten GS; Charnock JS; McLennan PL. 
The interaction of dietary fatty acid and cholesterol on 
catecholamine-stimulated adenylate cyclase activity in the 
rat heart, Biochimica et Biophysica Acta, 4/9/87, 898, 2 
 
Mest HJ; Blass KE; Forter W. Effects of arachidonic, 
linoleic, linolenic and oleic acid on experimental 
arrhythmias in cats, rabbits and guinea-pigs, Prostaglandins, 
7/1/77, 14, 1 
 
Nair SS; Leitch J; Garg ML. Specific modifications of 
phosphatidylinositol and nonesterified fatty acid fractions in 
cultured porcine cardiomyocytes supplemented with n-3 
polyunsaturated fatty acids, Lipids, 7/1/99, 34, 7 
 
Nakao F; Kobayashi S; Mogami K; Mizukami Y; Shirao S; 
Miwa S; Todoroki-Ikeda N; Ito M;Matsuzaki M. 
Involvement of Src family protein tyrosine kinases in  Ca2+ 
sensitization of coronary artery contraction mediated by a 
sphingosylphosphorylcholine-Rho-kinase pathway, 
Circulation Research, 1/1/02, 91, 10 
 
Okuda Y. Life Sciences 1994; 55(1) 
 
Okuda Y; Ezure M; Tsukahara K; Sawada T; Mizutani M; 
Katori T; Bannai C; Yamashita K. Eicosapentaenoic acid 
enhances intracellular free calcium in cultured human 
endothelial cells, Biochemical Medicine & Metabolic 
Biology, 4/1/94, 51, 2 
 
Oudot F; Grynberg A; Sergiel JP. Eicosanoid synthesis in 
cardiomyocytes: influence of hypoxia, reoxygenation, and 
polyunsaturated fatty acids, American Journal of 
Physiology, 1/1/95, 268, 1 Pt 2 
 
Paige JA; Liao R; Hajjar RJ; Foisy RL; Cory CR; O'Brien 
PJ; Gwathmey JK. Effect of a high omega-3 fatty acid diet 
on cardiac contractile performance in Oncorhynchus 
mykiss, Cardiovascular Research, 2/1/96, 31, 2 
 
Patten GS; Rinaldi JA; McMurchie EJ. Effects of dietary 
eicosapentaenoate (20:5 n-3) on cardiac beta-adrenergic 
receptor activity in the marmoset monkey, Biochemical & 
Biophysical Research Communications, 7/31/89, 162, 2 
 
Paulson DJ; Smith JM; Zhao J; Bowman J. Effects of dietary 
fish oil on myocardial ischemic/reperfusion injury of Wistar 
Kyoto and stroke-prone spontaneously hypertensive rats, 
Metabolism: Clinical & Experimental, 5/1/92, 41, 5 
 
Pehowich DJ. Dietary n-3 fatty acids alter 
angiotensin-induced contraction and 1,2- diacylglycerol 
fatty acid composition in thoracic aortas from diabetic rats, 



 

75 

Prostaglandins Leukotrienes and Essential Fatty Acids, Vol 
58(4) (pp 301-309), 1998, 1/1/98 
 
Pepe S; McLennan PL. Cardiac membrane fatty acid 
composition modulates myocardial oxygen consumption 
and postischemic recovery of contractile function, 
Circulation, 5/14/02, 105, 19 
 
Poling JS; Karanian JW; Salem N; Vicini S. Time- and 
voltage-dependent block of delayed rectifier potassium 
channels by docosahexaenoic acid, Molecular 
Pharmacology, 2/1/95, 47, 
 
Poling JS; Vicini S; Rogawski MA; Salem N. 
Docosahexaenoic acid block of neuronal voltage-gated K+ 
channels: subunit selective antagonism by zinc, 
Neuropharmacology, 1/1/96, 35, 7 
 
Pound EM; Kang JX; Leaf A. Journal of Lipid Research 
2001; 42:346-351 
 
Quaggiotto P; Leitch JW; Falconer J; Murdoch RN; Garg 
ML.  Plasma F(2alpha)-isoprostane levels are lowered in 
pigs fed an (n-3) polyunsaturated fatty acid supplemented 
diet following occlusion of the left anterior descending 
coronary artery, Nutrition Research, 1/1/00, 20, 5 
Reibel DK; Holahan MA; Hock CE. Effects of dietary fish 
oil on cardiac responsiveness to adrenoceptor stimulation, 
American Journal of Physiology, 3/1/88, 254, 3 Pt 2 
 
Roche H. International Journal for Vitamin & Nutrition 
Research 1994; 64(3) 
 
Seebungkert B; Lynch JW. Effects of polyunsaturated fatty 
acids on voltage-gated K+ and Na+ channels in rat olfactory 
receptor neurons, European Journal of Neuroscience, 
12/1/02, 16, 11 
 
Sergiel JP; Martine L; Raederstorff D; Grynberg A; 
Demaison L. Individual effects of dietary EPA and DHA on 
the functioning of the isolated working rat heart, Canadian 
Journal of Physiology & Pharmacology, 7/1/98, 76, 7-8 
Singleton CB; Valenzuela SM; Walker BD; Tie H; Wyse 
KR; Bursill JA; Qiu MR; Breit SN; Campbell TJ. Blockade 
by N-3 polyunsaturated fatty acid of the Kv4.3 current stably 
expressed in Chinese hamster ovary cells, British Journal of 
Pharmacology, 6/1/99, 127, 4 
 
Skuladottir GV; Johannsson M. Pharmacology & 
Toxicology. 2/1/1997 
 
Smith JM. Effects of dietary fish oil on cardiovascular 
responsiveness to adrenergic agonists in spontaneously 

hypertensive rat, Canadian Journal of Physiology & 
Pharmacology, 1/1/93, 71, 7 
 
Su MJ; Nieh YC; Lin FY; Lo HM; Tseng YZ. 
Electrophysiological effects of linolenic acid on rat 
ventricular cardiomyocytes, Asia Pacific Journal of 
Pharmacology, 1/1/94, 9, 1 
 
Voskuyl RA; Vreugdenhil M; Kang JX; Leaf A. 
Anticonvulsant effect of polyunsaturated fatty acids in rats, 
using the cortical stimulation model, European Journal of 
Pharmacology, 1/12/98, 341, 2-3 
 
Vreugdenhil M; Bruehl C; Voskuyl RA; Kang JX; Leaf A; 
Wadman WJ. Polyunsaturated fatty acids modulate sodium 
and calcium currents in CA1 neurons, Proceedings of the 
National Academy of Sciences of the United States of 
America, 10/29/96, 93, 22 
 
Wood DA; Riemersma RA; Butler S; Thomson M; 
Macintyre C; Elton RA; Oliver MF. Linoleic and 
eicosapentaenoic acids in adipose tissue and platelets and 
risk of coronary heart disease, Lancet, 1/1/87, i, 8526 
 
Xiao Y; Li X. Polyunsaturated fatty acids modify mouse 
hippocampal neuronal excitability during excitotoxic or 
convulsant stimulation, Brain Research, 10/30/99, 846, 1 
 
Xiao YF; Ke Q; Wang SY, et al. Proceedings of the National 
Academy of Sciences of the United States of America 2001; 
98(6):3606-3611 
 
Xiao YF; Wright SN; Wang GK et al. Am J of 
Physiology -Heart & Circulatory Physiology 2000; 
279(1):H35-H46 
 
Xiao YF; Wright SN; Wang GK; Morgan JP; Leaf A. 
American Journal of Physiology -Heart & Circulatory 
Physiology. 1998 
 
Xiao YF; Wright SN; Wang GK; Morgan JP; Leaf A. 
Proceedings of the National Academy of Sciences of the 
United States of America. 1998 
 
Yanagisawa A; Lefer AM. Vasoactive effects of 
eicosapentaenoic acid on isolated vascular smooth muscle, 
Basic Research in Cardiology, 3/1/87, 82, 2 
 
Yang B; Saldeen TG; Nichols WW; Mehta JL. Dietary fish 
oil supplementation attenuates myocardial dysfunction and 
injury caused by global ischemia and reperfusion in isolated 
rat hearts, Journal of Nutrition, 12/1/93, 123, 12 
 



 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 77 
 

List of Acronyms, Abbreviations, and Parameters 
 

Acronyms and Abbreviations 
Abbreviation Definition 
* P<.05 
** P<.01 
*** P<.001 
A Amplitude 
AA (20:4 n-6) Arachidonic acid 
Ac Activation parameter 
AC Intra-atrial conduction time 
AHRQ Agency for Healthcare Research and Quality  
AI Adequate Intake 
ALA (18:3 n-3) Alpha-linolenic acid 
Amb Ambient 
AP or APR Action potential rate  

APA Action-potential amplitude 
APD40 Action-potential duration at 40% depolarization  
APD80 Action-potential duration at 80% depolarization 

Apo Apoprotein 
APS Active pump sites 

APT Action potential threshold 
AR Arrhythmia 
ARAr Areas at risk of arrhythmias 
ARP Functional refractory period of the atrium 
AS Arrhythmia scores 

ASC Asynchronous contraction 
ATP Adenosine tr iphosphate 
ATPase Adenosine triphosphatase 
AVC Atrioventricular conductance time 
AVRP Functional refractory period of atrio-ventricular conducting system 
B Basal 
B Blocked (when used with arrythmias) 
BAY Bay K8644 
BEP Basal electromechanical parameters 
Bmax  High and low affinity binding sites 
BMI Body mass index 
BP Blood pressure 
BSA Bovine serum albumin 
BT Benzonthiazepine calcium current-voltage (ICa–V) curves  
BUME Bumetamide 
BW Lipoxygenase inhibitor 
C20 Contraction coupling delay (ms) 
Ca Calcium 
Ca2+ Calcium 
CAB Commonwealth Agricultural Bureau 
cAMP Cyclic adenosine monophosphate 
CAFF Caffeine 
CaFlu Calcium intermittent fluctuations 

CCTR Cochrane Central Register of Controlled Trials 
CD20 Contraction duration at 20% relaxation (ms) 
CD80 Contraction duration at 80% relaxation (ms) 
CICR Calcium induced contractile response 
CL Cell Length 
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Abbreviation Definition 
CLO Cod liver Oil 
+Cmax Cell shortening velocity  
-Cmax  Relaxation time 
CO Corn Oil 
Contra Contractility or beating rate (beats/min) 
COX Cyclo-oxygenase 
CP contractile parameters 
CSF II Continuing Food Survey of Intakes by Individuals 1994-1998 
CRP C reactive protein 
Ctrl Control 
CVD Cardiovascular disease 
Cys Cytosolic 
D Dietary supplement company (in evidence table) 
D Duration (in summary table) 
D Decreased (when in footnote of table) 
dBcAMP Dibutyryl cyclic adenosine monophosphate 
DBHQ 2,4-Di-tert-butylhydroquinone 
DCL Diastolic cell length 
DD Dose dependent 
Dep APT Depolarizing action potential threshold 
df/dt Maximum rate of rise of contraction 
-df/dt Maximum rate of rise of relaxation 
DHA (22:6 n-3) Decosahexaenoic acid 
DHAe DHA esters 
DHPA 3H-dihydroalprenolol 
Dia Diastolic 

DIL Diltiazem 
DL Diastolic length 
DM Diabetes mellitus 
DPA (22:5 n-3 or n-6) Docosapentaenoic acid 
DRI Dietary References Intakes 
DTS Dense tubular system 
DXR Doxorubicin 
EA Electrical automaticity/excitability  
EAR Estimated Average Requirement 
ECG Electrocardiogram 
EC50 That concentration needed to produce a 50% effect 
e.e. ethylated 
EFA Essential fatty acid 
endo endocardial 
EPA (20:5 n-3) Eicosapentaenoic acid 
EPA-e EPA esters 
EPC Evidence-based Practice Center 
Epi epicardial 
ET-1 Endothelin-1 
ETYA Eicosatetraynoic acid 
F Frequency 
FAC Fatty acid composition 
FDA Food and Drug Administration 
FO Fish Oil 
FOC Force of contraction 
FRGS Free radical generating system 
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Abbreviation Definition 
FVR Force-velocity relationship (Vmax, initial muscle length, maximum extent of twitch muscle 

shortening, time to peak shortening, positive peak of the normalized force derivative of the fully 
isometric twitch, total isometric force normalized per cross-sectional area, time to peak force) 

G Government 
GLA (18:3 n-6) Gamma linolenic acid 
HC High Cholesterol 
HDL High density lipoprotein 
HF High fat 
HTN Hypertension 
Hy RMP  Hyperpolarizing  

I Industry 
I Increased (when in footnote of table) 
ICa.L Voltage dependent L- type Ca2+ current/inward Ca2+ current/Ca2+ sparks 
ICa–V Calcium current-voltage 
ICH Ion channel 
 ICl.Ca  Caffeine and Neurokinin A elicited Ca2+ dependent Cl- current 

ICU Ion currents 
IC50 That concentration that produces a 50% reduction in the effect 
IK  Delayed rectifier K+ current 
IKI  Inward rectifier K+ current or tail current 
IKUR Ultra rapid potassium current 
IL  Interleukin 
InAc Inactivation parameter 
In Ionomycin 

INa Sodium current 
INDO Indomethacin 
InsP Inositol phosphate 
IOM Institute of Medicine 
IP Inotropic Parameters 
IPIM Ion pumps and ion movement 
IS Infarct size 
ISO Isoproteronol; 
ISUS Outward K+ current 
Ito Transient K+ outward current or initial outward current 
K+ Potassium 
KCI Potassium chloride 
Kd Affinity  
KRB Krebs Ringer bicarbonate 
L Membrane leakiness 

L Resting cell length (inotropic measure in contractile parameter table) 
LA (18:2 n-6)  Linoleic acid 
LC PUFA Long-chain polyunsaturated fatty acid 
LD Lactate dehydrogenase 
LDL Low density lipoprotein 
LIN Linseed Oil 
LP Lipoprotein 
LPC lysophosphatidylcholine 
LPS lipopolysaccharide 
LT Leukotriene 
LVH Left ventricular hypertrophy 
Mag Magnitude 
MAP Monophasic action potential duration 
MDP Maximal diastolic potential 
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Abbreviation Definition 
m.e. Methyl ester 
MenO Menhaden oil 
MEX Mexiletine 
Mg Magnesium ATPase  

MI Myocardial infarction 
MO Mitochondrial oligomycin sensitive ATPase 

MP Metabolites and pathways 
MUFA Monounsaturated fatty acit 
N Non-government / non-profit 
Na Sodium 
Na+ Sodium 
NA Not available 
Nad Sodium dependent 
Na/K Sodium potassium 
NB No blocks 
NC No change 
Na/H exch Sodium/hydrogen exchanger 
NCHS National Center for Health Statistics 
ND No data 
NDGA Nordihydroguiarectic acid 
NEMC New England Medical Center 
NEU Neurokinin 
NHANES III National Health and Nutrition Examination 1988-1994 
NIH National Institutes of Health 
NIT Nitrendipine 
NorEpi Norepinephrine 
NP Not for Profit 
O Other (in evidence table) 
O2 Oxygen 
ODS Office of Dietary Supplements 
OO Olive Oil 
OS overshoot potential 
OUA Ouabain 
OvAI ovalbumin 
P Prevented (when in footnote of table) 
PAA Phenylalkylamine 
PAI Plasminogen activator inhibitor 
Pas Passive 

PCL Percent  cell length 
PE/A Pump efficiency or affinity for ATP 

PG Prostaglandin 
PHE Phenylephrine 
PIR Poverty Income Ratio 
PLC-b Receptor mediated phospholipase C 
PPAR Peroxisome proliferator activated receptor 
PRP Post rest potentiation 
PTC Palmitoylcarnitine 
PUFA Polyunsaturated fatty acid 
QRS Ventricular conductance time 
Qt Electrocardiogram interval 
RCL Resting cell length 
RDA  Recommended Dietary Allowances 
RDT Resting/developed tension 
ReOxy Reoxygenation 
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Abbreviation Definition 
RO Rapeseed oil (canola oil)  
RP Resting potential 
RRP Relative refractory period 
RSE Relative standard error 
SAF Safflower Oil 
SC Spontaneous contraction 
SCL Systolic cell length 
SC-RAND Southern California-RAND 
SD Standard deviation 
SEM Standard error of the mean 
SF Saturated fat 
SFA Saturated fatty acid 
SL Sarcolemma 
SM3 Synthesized medium for omega-3 group 
SM6 Synthesized medium for omega-6 group  
SR Sarcoplasmic reticulum 
SREBP Sterol regulatory element binding protein 
STA or STD Standard 
SUP Supplement 
Sys Systolic 
T Terminated (when in footnote of table) 
TA Twitch amplitude 
TC Total cholesterol 
tC20 Contracting coupling delay 
TD Time dependent 
TEP Technical Expert Panel 
Tg Triglycerides 
TIC Time constant of Ito inactivation 
TIM Timolol 
TNF Tumor necrosis factor 
TPA Tissue plasminogen activator 
TS Twitch size 
TSR Time in sinus rhythm 
TT FA Total Fatty Acids 
Tx Thromboxane 
UO University of Ottawa 
USDA United States Department of Agriculture 
VCAM Vascular cell adhesion molecule 
VEB Ventricular ectopic beats 
VEN Ventricular 
VER Verapamil 
VERP Left ventricular effective refractory period 
VF Ventricular fibrillation 
VFT Ventricular fibrillation threshold 
VLDL Very low density lipoprotein 
VLN-3FA Very long chain n-3 fatty acid 
Vmax   Maximum rate of depolarization 
VP Vasopressin 
VPB Ventricular premature beat 
VS Velocity of shortening 
VSRM Voltage-sensitive release mechanism 
VT Ventricular tachycardia 
W/W Weight-by-weight 
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Parameters 
 
Arrhythmia-related parameters used in this report 
Category Sub Categories 
Ion Channels, 
Pumps and Currents 

• Basal Electromechanical Parameters 
- Resting potential (RP) 
- Action Potential Threshold (APT) 
- Action Potential Amplitude (APA) 
- Action Potential Duration at 40% repolarization (ADP40) 
- Action Potential Duration at 80% repolarization (ADP80) 
- Maximum rate of depolarization (Vmax) 
- Maximum Diastolic Potential (MDP) 
- Overshoot potential or overshoot plateau potential  (OS) 
• Ion Currents 
- Initial fast Na+ current (INa) 
- Initial outward K+ current/Transient K+ outward current (Ito) 
- Voltage dependent L- type Ca2+ current/Inward Ca2+ current/Ca2+ sparks (ICa.L) 
- Delayed rectifier K+ current (IK) 
- Inward rectifier K+ current (IKI) or tail current  
- Caffeine and Neurokinin A elicited Ca2+ dependent Cl- current (ICl.Ca) 
- Outward K+ current (ISUS) 
- Receptor mediated Ca2+ permeable non selective cation currents (?) 
- Kv4.3 current (?) 
• Ion Channels 
- Slow Ca2+ channel and L-type Ca2+ channel 
- Delayed rectifier K+ channel 
- Kv1.1, Kv2.1and Kv1.5 channels 
- Na+-K+-2Cl- cotransporter 
• Ion Pumps and Ion Movement 
- Sodium Pump or Na, K-ATPase 
- Ca2+ influx or uptake or rise or cytosolic free Ca2+ 
- Na+ dependent Ca2+ influx 
- Na+/H+ uptake 
- Passive Ca2+ efflux 
- Na+ uptake 
- Sarcoplasmic reticulum (SR) Ca2+ content or release 

Contractile 
Parameters 

• Inotropic parameters (IP) 
- Frequency (F) 

- Amplitude (A) 
- Duration (D) 
- Resting cell length (L) 

• Arrhythmia (AR) 
• Action Potential Rate, or beating rate or frequency, or contraction rate (APR) 
• Contraction coupling delay (tC20) 
• Contraction duration at 20% relaxation (CD20) 
• Contraction duration at 80% relaxation (CD80) 
• Relaxation time (-Cmax) 
• Cell shortening velocity (+Cmax) 
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Table 3-1. Summary of Study Design and Outcomes Evaluated in Whole Animal Studies (23 feeding and 3 
infusion studies) * 

Outcomes Evaluated Author, Year Omega-3 Arm(s) Control 
Arm* Animals 

VF VT VPB AS Deaths IS TSR VFT 
Feeding studies:            

Omega-3 PUFAs vs Omega-6 PUFAs         
            

Abeywardena, 1995 Soybean, 
MaxEPA SSO Rats v v v v v    

Anderson, 1996 MaxEPA Safflower Rats v v v v     
Charnock, 1992 Fish oil SSO Monkeys  v       v 
Charnock, 1991 Fish oil SSO Rats v v v v     
Hock, 1990 Menhaden Corn Rats v   v v    
Hock, 1987 Menhaden Corn Rats   v  v    
Isensee, 1994 Linseed, Fish oil Corn Rats v v    v v  
McLennan, 1995 Canola, Soybean SSO Rats v v v v v    
McLennan, 1992 Tuna SSO Monkeys  v       v 
McLennan, 1993 Fish oil SSO Rats v v v v v  v  
McLennan, 1990 Tuna SSO Rats v v v v v  v  
McLennan, 1988 Tuna SSO Rats v v  v v v   
McLennan, Bridle, 
1993 Fish oil SSO Monkeys  v       v 

Omega-3 PUFAs vs MUFAs         

McLennan, 1996 EPA-e, DHA-e, 
EPA-e+DHA-e Olive Rats v   v     

Omega-3 PUFAs vs SFAs         
al Makdessi, 1995 Sardine Coconut Rats      v v  
Chen, 1994 Fish oil Coconut Rabbits   v  v    

Hartog, 1987 Mackerel Lard Piglets  v v v  v    

Pepe, 1996 Fish oil Sheep fat Rats v v v     v 
Yang, 1993 Fish oil Butter Rats v v       

Omega-3 PUFAs vs Chows         
Culp, 1980 Menhaden Friskies Dinner Dogs    v  v v   

Kinoshita, 1994 EPA-e Oriental Yeast 
Co. Dogs  v v v v     

Oskarsson, 1993 MaxEPA Chows  Dogs       v   

Otsuji, 1993 EPA-e Oriental Yeast 
Co.  Dogs      v v v  

 Total =   17 12 12 10 11 6 5 4 
Infusion studies:            

Omega-3 PUFAs vs Omega-6 PUFAs         

Billman, 1999 Albumin-bound 
ALA, EPA, DHA 

Soybean or 
saline Dogs  v        

Billman, 1994 Fish oil emulsion Soybean Dogs  v        
Omega-3 PUFAs vs Chows         

Lo, 1991 ALA Buffer Dogs   v v      
 Total =   2 1 1      

SSO = sunflower seed oil; VF=ventricular fibrillation; VT=ventricular tachycardia; VPB=ventricular premature beats; 
AS=arrhythmia score; IS=infarct size; VFT=ventricular fibrillation threshold, measured only in VF inducible animals; TSR 
=length of time in normal sinus rhythm; EPA-e = EPA esters; DHA-e = DHA esters 

* For the purposes of our evidence review, only optimal comparison group was chosen. See Chapter 2: Methods. 
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Table 3-2. Summary Of Study Design And Outcomes Evaluated In Whole Animal/Isolated Organ  
And Cell Studies 
 
Author 
 

 
Species 

Stage Sex Omega-3 Ctrl Omega-3 Omega-3 ICU ICH IPIM BEP CP 
 

Croset, 1989a Mouse W M STD+DHA-DOSE STD     v    

Croset, 1989b Mouse W M ALAe  OO+SAF EPAe DHAe   v    
Benediktsdottir, 1988 Rat A M CLO CO     v    

Demaison, 1993 Rat W M LIN SF       v  
Karmazyn, 1987 Rat W M+F STD+CLO STD     v  v   
Laustiola, 1986 Rat W M STD+CLO STD       v  
Leifert, 2000 Rat YA M FO LARD   v     v  
Minarovic, 1997 Rat YA M FO HF   v  v     
Taffet, 1993 Rat YA F CO+MenO CO     v    
Maixent, 1999 Rat A M STD+FO STD     v    
Chen, 1994 Rabbit A M HC+FO HC     v    
Heard, 1992 Rat A M SAF+MenO SAF       v  
Gudmundsdottir, 1991 Rat A,O M CLO CO   v      
Reig, 1993 Rat YA M HF+FO HF      v  v  
Ku, 1997 Rat O F HC+EPA HC HC+DHA      v  
Honen, 2002 Rat A M FO RO     v    

Leifert, 2001 Rat A M FO SF     v   v  
Pepe, 1999 Rat A,O M FO N-6     v    
Swanson, 1989 Mouse W M SAF+MenO SAF+CO     v    
Gillis, 1992 Rabbit W ND FO SAF      v   
Kinoshita, 1994 Dog A ND STD+EPAe STF     v    

        3 1 12 3 7 
ICU=ion currents; ICH=ion channels; IPIM=ion pumps and ion channels; BEP=basal electromechanical parameters; 
CP=contractile parameters. 
 

A=Adult HC=high cholesterol RO= rapeseed or canola oil 
ALAe= Esterified alpha linoleic acid HF=high fat SAF=safflower oil 
CLO=cod liver oil LIN=linseed oil SF=saturated fat 
CO=corn oil MenO= menhaden oil STD=standard chow 
EPAe= Esterified eicosapentaenoic acid N-6=nOmega-6 fatty acid W= weanling 
FO=fish oil O= old YA=Young adult 
 OO=olive oil  
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Table 3-3. Summary of Study Design and Outcomes Evaluated in Isolated  
Organ and Cell Studies 
Author Species Stage* ICU ICH IPIM BEP CP 
Bogdanov, 
1998 

Rat Adult v   v  

Courtois, 
1992 

Rat W     v 

De Jonge, 
1996 

Rat W     v 

Hallaq, 1990 Rat W   v  v 
Hallaq, 1992 Rat W  v v  v 
Honore, 1994 Mouse W v v    
Jahangiri, 
2000 

Rat Adult     v 

Kang, 1994 Rat W     v 
Juan, 1987 Guinea pig Adult     v 
Xiao, 2002 Ferret Adult v     
Kang, 1996 Rat W   v  v 
Leifert, 1999 Rat Adult v     
Leifert, 2000 Rat Adult     v 
Rodrigo, 1999 Rat, guinea 

pig 
ND v    v 

MacLeod, 
1998 

Rat, guinea 
pig 

Adult v    v 

O’Neill, 2002 Rat Not 
sure 

v  v   

Durot, 1997 Rat W    v v 
Grynberg, 
1988 

Rat W    v v 

Kang, 1995a Rat W    v  
Kang, 1997 Rat W  v    
Li, 1997 Rat W     v 
Negretti, 2000 Rat ND v  v  v 
Pepe, 1994 Rat 2-3 mo v  v  v 
Phillipson, 
1985 

Dog ND   v   

Phillipson, 
1987 

Dog ND   v   

Grynberg, 
1996 

Rat W    v v 

Kang, 1995b Rat W     v 
Fournier, 
1995 

Rat W    v v 

Grynberg, 
1995 

Rat W     v 

Ferrier, 2002 Guinea pig Adult v    v 
Reithman, 
1996 

Rats W    v v 

Ponsard, 
1999 

Rats W     v 

Xiao, 1997 Rats Adult v  v   
Xiao, 1995 Rats W v     
Goel, 2002 Pig Adult   v   
Vitelli, 2002 Rats Adult   v   
Weylandt,199
6 

Rats W    v  

Rinaldi, 2002 Rats Adult   v v  
Bayer, 1979 Cat Adult    v  
Total   12 3 12 10 23 
ICU=ion currents; ICH=ion channels; IPIM=ion pumps and ion channel movement  ; 
BEP=basal electromechanical parameters; CP=contractile parameters. 
*Stage: ND=no data; W = weanling   
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Table 3-4. Total Deaths in Ischemia-Reperfusion-Induced Arrhythmia: Comparison of Rats Fed Omega-3 Fatty 
Acids With Controls Fed Omega-6 PUFA Oils 

Omega-3 Fatty Acids Control 
Author, Year Omega-3 

Arms 
Dosage, 
g/100 g Duration 

Event Total Event Total 
RR 

(95% CI) Experiment Protocols 

ALA Oils 
Abeywardena, 
1995 

Soybean 0.4 9 months 2 18 1 18 2.0 
(1.5-20) 

5-min ischemia;  
10-min reperfusion 

McLennan, 1995 Soybean 1.1 5 weeks 3 10 2 10 1.5 
(0.32-7.1) 

5-min ischemia; 
reperfusion 

McLennan, 1995 Soybean 1.1 5 weeks 2 * 13 2 † 14 

1.3 
(0.25-6.8) 

 
0.20 

(0.01-3.7) 
 

 

15-min ischemia; 
reperfusion 

McLennan, 1995 Canola 1.2 5 weeks 0 10 2 10 

1.3 
(0.25-6.8) 

 
0.20 

(0.01-3.7) 
 

 

5-min ischemia; 
reperfusion 

McLennan, 1995 Canola 1.2 5 weeks 3 ‡ 16 2 † 14 1.1 
(0.18-6.6) 

15-min ischemia; 
reperfusion 

Meta-analysis:  Total subjects = 133 10 67 9 66 1.2 
(0.51-2.6) Random-effect model 

Fish Oils (EPA+DHA) 

Hock, 1987 Menhaden 1.0 4 weeks 2 ‡ 13 2 ‡ 14 1.1 
(0.18-6.6) 

15-min after ischemia 
without reperfusion 

Hock, 1990 Menhaden 1.0 4 weeks 5 21 13 22 0.40 
(0.17-0.93) 

15-min ischemia;  
24 h reperfusion 

McLennan, 1993 Fish oil 2.6 12 weeks 0 10 1 * 12 0.39 
(0.02-8.7) 

5-min ischemia;  
5-min reperfusion 

McLennan, 1993 Fish oil 2.6 12 weeks 0 14 1 * 13 0.31 
(0.01-7.0) 

15-min ischemia;  
5-min reperfusion 

Abeywardena, 
1995 MaxEPA 3.3 9 months 0 18 1 18 0.33 

(0.01-7.7) 
5-min ischemia;  
10-min reperfusion 

McLennan, 1988 Tuna 3.7 12 months 0 10 0 10 1.0 
(0.02-46) 

15-min ischemia; 
reperfusion 

McLennan, 1990 Tuna 3.7 18 months 0 7 0 7 1.0 
(0.02-45) 

15-min ischemia; 
reperfusion 

Meta-analysis:  Total subjects = 169 7 83 18 86 0.47 
(0.23-0.93) Random-effect model 

RR = risk ratio = (omega-3 FA event rate)/(control’s event rate) 
* All deaths occurred during ischemia procedure 
† One death occurred during ischemia procedure 
‡ Deaths were observed 15-min after ischemia procedure without reperfusion 
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Figure 3-1. Total deaths in ischemia-reperfusion-induced arrhythmia: comparison of rats fed, alpha linolenic 
acid (ALA) with controls fed omega-6 PUFA oils 

 
 

 
Figure 3-2. Total deaths in ischemia-reperfusion-induced arrhythmia: comparison of rats fed fish oils with 
controls fed omega-6 PUFA oils 
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Table 3-5. Sensitivity Analysis on Total Deaths In Ischemia-ReperfusionIinduced Arrhythmia: Comparison of 
Rats Fed Fish Oil With Controls Fed Omega-6 PUFA Oils  

 
 
 
 
 
Table 3-6. Total VF Deaths: Comparison of Monkeys Fed Tuna Fish Oil With Controls Fed Sunflower Seed Oil 
(Omega-6 PUFA) * 

Omega-3 Fatty Acids Control 
Author, Year Omega-3 

Arms 
Dosage, 
g/100 g Duration 

Event Total Event Total 
Experiment Protocols 

McLennan, 1992 Tuna 2.8 30 months 0 16 3 13 
Control condition, ischemia, and 

isoproterenol (0.5 ug/kg body 
weight/minute) models  

* Total ventricular fibrillation (VF) deaths were combined in control condition, ischemia, and isoproterenol models.  
 

Sensitivity Analysis - Sequential Dropping of One Study 
Random Effects Model - Risk Ratio (D&L method) 

 
                    Study     Total    Risk             95% CI 
Study Dropped  Year   Size         N      Ratio    Low      High    2P 

 
Hock  1987    27      142      0.41     0.19    0.86 0.018    
Hock  1990     43      126      0.64     0.19     2.14   0.47     
McLennan 1993    22      147      0.47    0.23     0.96   0.038    
McLennan 1993     27      142     0.48     0.24    0.97   0.041    
Abeywardena 1995     36      133     0.48    0.23     0.97   0.040    
McLennan 1990    14      155      0.46    0.23    0.92   0.028    
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Table 3-7. Ventricular Tachycardia in Ischemia-Induced Arrhythmias: Comparison of Rats Fed Omega-3 Fatty 
Acids With Controls Fed Omega-6 PUFA Oils 

Omega-3 Fatty Acids Control 
Author, Year Omega-3 

Arms 
Dosage, 
g/100 g Duration 

Event Total Event Total 
RR 

(95% CI) Experiment Protocols 

ALA Oils 
Abeywardena, 
1995 

Soybean 0.4 9 months 8 18 7 18 1.1 
(0.53-2.5) 

5-min ischemia 

McLennan, 1995 Soybean 1.1 12 weeks 8 13 13 14 0.66 
(0.42-1.0) 15-min ischemia 

McLennan, 1995 Canola 1.2 12 weeks 12 16 13 14 0.81 
(0.591.1) 15-min ischemia 

Isensee, 1994 Linseed 5.2 10 weeks 6 10 4 9 1.4 
(0.56-3.3) 20-min ischemia 

Meta-analysis:  Total subjects = 112 34 57 37 55 0.82 
(0.65-1.0) Random-effect model 

Fish Oils (EPA+DHA) 

Charnock, 1991 Fish oil 2.1 12 months 7 10 10 10 0. 71 
(0.41-1.1) 

15-min ischemia 

McLennan, 1993 Fish oil 2.6 12 weeks 5 14 12 13 0.39 
(0.19-0.79) 15-min ischemia 

Isensee, 1994 Fish oil 3.0 10 weeks 0 10 4 9 0.10 
(0.01-1.7) 20-min ischemia 

Abeywardena, 
1995 MaxEPA 3.3 9 months 1 18 7 18 0.14 

(0.02-1.1) 5-min ischemia 

McLennan, 1988 Tuna 3.7 12 months 2 10 8 10 0.25 
(0.07-0.90) 15-min ischemia 

McLennan, 1990 Tuna 3.7 18 months 4 7 4 7 1.0 
(0.40-2.5) 15-min ischemia 

Meta-analysis:  Total subjects = 136 19 69 45 67 0.49 
(0.29-0.83) Random-effect model 
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Figure 3-3. Ventricular tachycardia in ischemia-induced arrhythmias: comparison of rats fed alpha linolenic 
acid (ALA) with controls fed omega-6 PUFA oils 

 
 

 

Figure 3-4. Ventricular tachycardia in ischemia-induced arrhythmias: comparison of rats fed fish oils with 
controls fed omega-6 PUFA oils 
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Table 3-8. Ventricular Tachycardia in Reperfusion-Induced Arrhythmias: Comparison of Rats Fed Omega-3 
Fatty Acids With Controls Fed Omega-6 PUFA Oils 

Omega-3 Fatty Acids Control 
Author, year Omega-3 

Arms 
Dosage, 
g/100 g Duration 

Event Total Event Total 
RR 

(95% CI) Experiment Protocols 

ALA oils 
Abeywardena, 
1995 

Soybean 0.4 9 months 13 17 7 18 2.0 
(1.0-3.7) 

5-min Ischemia;  
10-min Reperfusion 

McLennan, 1995 Soybean 1.1 12 weeks 9 10 7 10 1.3 
(0.82-2.0) 

5-min Ischemia;  
10-min Reperfusion 

McLennan, 1995 Soybean 1.1 12 weeks 7 11 9 13 0.92 
(0.52-1.6) 

15-min Ischemia;  
10-min Reperfusion 

McLennan, 1995 Canola 1.2 12 weeks 7 10 7 10 1.0 
(0.56-1.8) 

5-min Ischemia;  
10-min Reperfusion 

McLennan, 1995 Canola 1.2 12 weeks 4 13 9 13 0.44 
(0.18-1.1) 

15-min Ischemia;  
10-min Reperfusion 

Meta-analysis:  Total subjects = 125 40 61 39 64 1.1 
(0.73-1.6) Random-effect model 

Fish Oils (EPA+DHA) 

Anderson, 1996 MaxEPA 41% of TT 
FAs 8 weeks 3 * 8 3 * 6 0.75 

(0.23-2.5) 
20-min ischemia; 
reperfusion 

McLennan, 1993 Fish oil 2.6 12 weeks 6 10 10 12 0.72 
(0.41-1.3) 

5-min Ischemia;  
5-min Reperfusion 

McLennan, 1993 Fish oil 2.6 12 weeks 3 14 8 12 0.32 
(0.11-1.0) 

15-min ischemia;  
5-min reperfusion 

Abeywardena, 
1995 MaxEPA 3.3 9 months 4 18 7 18 0.57 

(0.20-1.6) 
5-min ischemia;  
10-min reperfusion 

McLennan, 1988 Tuna 3.7 12 months 5 10 8 10 0.63 
(0.31-1.3) 

15-min ischemia; 
reperfusion 

McLennan, 1990 Tuna 3.7 18 months 5 7 6 7 0.83 
(0.48-1.5) 

15-min ischemia;  
10-min reperfusion 

Meta-analysis:  Total subjects = 132 26 67 42 65 0.68 
(0.50-0.91) Random-effect model 

TT FAs = total fatty acids; RR = risk ratio; VF = ventricular fibrillation; VT = ventricular tachycardia  
* Sustained VT and/or VF were excluded from the analyses 
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Figure 3-5. Ventricular tachycardia in reperfusion-induced arrhythmias: comparison of rats fed alpha 
linolenic acid (ALA) with controls fed omega-6 PUFA oils 

 

 
 

 
Figure 3-6. Ventricular tachycardia in reperfusion-induced arrhythmias: comparison of rats fed fish oils with 
controls fed omega-6 PUFA oils 
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Table 3-9. Ventricular Fibrillation in Ischemia-Induced Arrhythmias: Comparison of Rats Fed Omega-3 Fatty 
Acids With Controls Fed Omega-6 PUFA Oils 

Omega-3 Fatty Acids Control 
Author, Year Omega-3 

Arms 
Dosage, 
g/100 g Duration 

Event Total Event Total 
RR 

(95% CI) Experiment Protocols 

ALA oils 

McLennan, 1995 Soybean 1.1 12 weeks 5 13 6 14 0.90 
(0.36-2.2) 

15-min ischemia 

McLennan, 1995 Canola 1.2 12 weeks 7 16 6 14 1.0 
(0.45-2.3) 15-min ischemia 

Isensee, 1994 Linseed 5.2 10 weeks 4 10 4 9 0.90 
(0.31-2.6) 20-min ischemia 

Meta-analysis:  Total subjects = 76 16 39 16 37 0.95 
(0.56-1.6) Random-effect model 

Fish Oils (EPA+DHA) 

Charnock, 1991 Fish oil 2.1 12 months 0 10 6 10 0. 08 
(0.00-1.2) 15-min ischemia 

McLennan, 1993 Fish oil 2.6 12 weeks 0 14 5 13 0.08 
(0.01-1.4) 15-min ischemia 

Isensee, 1994 Fish oil 3.0 10 weeks 1 10 4 9 0.22 
(0.03-1.7) 20-min ischemia 

McLennan, 1988 Tuna 3.7 12 months 0 10 1* 10 0.33 
(0.02-7.3) 15-min ischemia 

McLennan, 1990 Tuna 3.7 18 months 1 7 2 7 0.50 
(0.06-4.3) 15-min ischemia 

Meta-analysis:  Total subjects = 100 2 51 18 49 0.21 
(0.07-0.63) Random-effect model 

* Estimated from graph 
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Figure 3-7. Ventricular fibrillation in ischemia-induced arrhythmias: comparison of rats fed alpha linolenic 
acid (ALA) with controls fed omega-6 PUFA oils 

 
 

 
Figure 3-8. Ventricular fibrillation in ischemia-induced arrhythmias: comparison of rats fed fish oils with 
controls fed omega-6 PUFA oils 
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Table 3-10. Ventricular Fibrillation in Reperfusion-Induced Arrhythmias: Comparison of Rats Fed Omega-3 
Fatty Acids With Controls Fed Omega-6 PUFA Oils 

Omega-3 Fatty Acids Control 
Author, Year Omega-3 

Arms 
Dosage, 
g/100 g Duration 

Event Total Event Total 
RR 

(95% CI) Experiment Protocols 

ALA Oils 
Abeywardena, 
1995 

Soybean 0.4 9 months 4 17 2 18 2.1 
(0.44-10) 

5-min ischemia; 10-min 
reperfusion 

McLennan, 1995 Soybean 1.1 12 weeks 5 10 5 10 1.0 
(0.42-2.4) 

5-min Ischemia; 
Reperfusion 

McLennan, 1995 Soybean 1.1 12 weeks 3 11 3 13 1.2 
(0.30-4.7) 

15-min ischemia; 
reperfusion 

McLennan, 1995 Canola 1.2 12 weeks 1 10 5 10 0.20 
(0.03-1.4) 

5-min ischemia; 
reperfusion 

McLennan, 1995 Canola 1.2 12 weeks 0 13 3 13 0.14 
(0.01-2.5) 

15-min ischemia; 
reperfusion 

Isensee, 1994 Linseed 5.2 10 weeks 6 10 7 9 0.77 
(0.42-1.4) 

20-min ischemia; 20-min 
reperfusion 

Meta-analysis:  Total subjects = 144 19 71 25 73 0.84 
(0.52-1.3) Random-effect model 

Fish Oils (EPA+DHA) 

Anderson, 1996 MaxEPA 41% of TT 
FAs 

8 weeks 1 * 8 2 * 6 0.38 
(0.04-3.2) 

20-min ischemia; 
reperfusion 

Hock, 1990 Menhaden 1.2 4 weeks 1 † 7 9 † 10 0.16 
(0.03-0.99) 

15-min ischemia;  
6-hr reperfusion 

McLennan, 1993 Fish oil 2.6 12 weeks 1 10 3 12 0.40 
(0.05-3.3) 

5-min ischemia;  
5-min reperfusion 

McLennan, 1993 Fish oil 2.6 12 weeks 0 14 1 12 0.29 
(0.01-6.5) 

15-min ischemia;  
5-min reperfusion 

Isensee, 1994 Fish oil 3.0 10 weeks 4 10 7 9 0.51 
(0.22-1.2) 

20-min ischemia;  
20-min reperfusion 

Abeywardena, 
1995 MaxEPA 3.3 9 months 1 18 2 18 0.50 

(0.05-5.0) 
5-min ischemia;  
10-min reperfusion 

McLennan, 1988 Tuna 3.7 12 months 0 10 3 10 0.14 
(0.01-2.5) 

15-min ischemia; 
reperfusion 

McLennan, 1990 Tuna 3.7 18 months 2 7 2 7 1.0 
(0.19-5.2) 

15-min ischemia; 
reperfusion 

Meta-analysis:  Total subjects = 168 10 84 29 84 0.44 
(0.25-0.79) Random-effect model 

TT FA = total fatty acids; VT = ventricular tachycardia; VF = ventricular fibrillation 
* Sustained VT and/or VF were excluded from the analyses 
† VT or VF (%) 
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Figure 3-9. Ventricular fibrillation in reperfusion-induced arrhythmias: comparison of rats fed alpha linolenic 
acid (ALA) with controls fed omega-6 PUFA oils 

 
 

 
 
Figure 3-10. Ventricular fibrillation in reperfusion-induced arrhythmias: comparison of rats fed fish oils with 
controls fed omega-6 PUFA oils 
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Table 3-11. Ventricular Fibrillation in Induced Arrhythmia: Comparison of Monkeys Fed Fish Oils With 
Controls Fed Sunflower Seed Oil (Omega-6 PUFA) 

Omega-3 Fatty Acids Control 
Author, Year Omega-3 

Arms 
Dosage, 
g/100 g Duration 

Event Total Event Total 
VFT ¶ Experiment Protocols 

Electrical-Stimulation Arrhythmias † 
McLennan, Bridle, 
1993 Fish oil 1.8 16 weeks 6 10 5 9 +133% * Electrical stimulation in 

control condition 

Charnock, 1992 Fish oil 2.4 16 weeks 8%  ND 13%  ND NS Electrical stimulation in 
control condition 

McLennan, 1992 Tuna 2.8 30 months 10 16 8 13 NS Electrical stimulation in 
control condition 

Electrical-Stimulation Arrhythmias in Ischemic Hearts † 
McLennan, Bridle, 
1993 Fish oil 1.8 16 weeks 10 10 9 9 +79% * Electrical stimulation + 5-

min ischemia 

Charnock, 1992 Fish oil 2.4 16 weeks Nil ND 13%  ND NS Electrical stimulation + 
ischemia 

McLennan, 1992 Tuna 2.8 30 months 12 16 8 13 NS Electrical stimulation + 5-
min ischemia 

Electrical-Stimulation Arrhythmias With Isoproterenol † 

McLennan, Bridle, 
1993 Fish oil 1.8 16 weeks 3 10 ‡ 7 9 ‡ +55% * 

Electrical stimulation + 30-
min isoproterenol (0.5 
ug/kg BW/min) 

McLennan, Bridle, 
1993 Fish oil 1.8 16 weeks 5 10 ‡ 9 9 ‡ +75%  

Electrical stimulation + 30-
min isoproterenol (2.0 
ug/kg BW/min) 

McLennan, 1992 Tuna 2.8 30 months 7 16 10 13 NS 
Electrical stimulation +  
30-min Iisoproterenol (0.5 
ug/kg BW/min) 

ND = no data; BW = body weight; min = minute; VFT = ventricular fibrillation threshold, measured only in VF inducible 
animals; NS = no significant difference compared to controls 
* P<0.05 compared to control animals 
† Same monkeys underwent electrical stimulation in control condition, 5 minutes after ischemia. procedure, and 30 minutes after 
restoration of coronary blood flow during the infusion of isoproterenol. 
‡ Same monkeys injected 0.5 ug/kg BW/min isoproterenol, then the dosage of isoproterenol was increased to 2.0 ug/kg BW/min. 
¶ An increase in VFT is a desirable outcome for antiarrhythimic effects. See Chapter 2: Methods for the effects expressed as 
percent change. 
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Table 3-12. Ventricular Premature Beats/Complex, Infarct Size, Arrhythmia Score and Length of Time in 
Normal Sinus Rhythm: Comparison of Rats Fed Omega-3 Fatty Acids With Controls Fed Omega-6 PUFA Oils 

Arrhythmia Outcomes 1 Author, 
Year 

Omega-3 
Arms 

Dosage, 
g/100 g Duration Total 

N VPB AS 2 IS TSR 3 

Experimental 
Protocols 

ALA Oils 
Abeywarden
a, 1995 Soybean 0.4 9 months 36 +176%  +107%* - - 5-min ischemia; 10-

min reperfusion 
-13%  -11%  - - 15-min ischemia McLennan, 

1995 Canola 1.1 5 weeks 30 
-43%  -64%  - - 10-min reperfusion 

McLennan, 
1995 Canola 1.1 5 weeks 20 -19%  –41%* - - 5-min ischemia;  

10-min reperfusion 
Isensee, 
1994 

Linseed 5.2 10 weeks 20 - - NS NS 20-min ischemia 

-14%  -18%  - - 15-min ischemia McLennan, 
1995 Soybean 1.2 5 weeks 27 

-2%  -12%  - - 10-min reperfusion 
McLennan, 
1995 

Soybean 1.2 5 weeks 20 +34%  +30%  - - 5-min ischemia;  
10-min reperfusion 

Fish Oils (EPA+DHA) 
Anderson, 
1996 MaxEPA 41% of TT 

FAs 8 weeks 14 -31%  -54%  - - 20-min ischemia; 
reperfusion 

Hock, 1990 Menhaden 1.0 4 weeks 17 - -77% †  - - 15-min ischemia;  
6-hr reperfusion 

Hock, 1987 Menhaden 1.0 4 weeks 23 NC - - - 15-min after ischemia 
w/o reperfusion 

Charnock, 
1991 Fish oil 2.1 12 

months 20 -72%* -59%* - - 15-min ischemia 

-10%  -41%* - +12%  15-min ischemia McLennan, 
1993 Fish oil 2.6 12 weeks 27 -31%  -63%* - +2%  5-min reperfusion 
McLennan, 
1993 Fish oil 2.6 12 weeks 22 -27%  -48%  - +16%  5-min ischemia;  

5-min reperfusion 
Isensee, 
1994 Fish oil 3.0 10 weeks 20 - - NS Increased* 20-min ischemia 

Abeywarden
a, 1995 MaxEPA 3.3 9 months 36 -13%  -40%  - - 5-min ischemia;  

10-min reperfusion 
McLennan, 
1990 Tuna 3.7 18 

months 14 +6%  
-24%* 

NS 
NS - -5%  

+21%  
15-min ischemia 
10-min reperfusion 

McLennan, 
1988 Tuna 3.7 12 

months 20 - NS 
-44%* 

+7%, 
NS - 15-min ischemia 

reperfusion 
TT FAs = total fatty acids; VPB = ventricular premature beats/complex; IS = infarct size/size of ischemia zone; AS = arrhythmia 
score (according to Curtis et. al.); TSR =length of time in normal sinus rhythm; ISO = Isoproterenol 
- Not reported   NS = no significant difference compared to controls 
* P<0.05 compared to controls    † P<0.01 compared to controls 
1 See Methods for the effects expressed as percent change. 
2 AS in all studies were calculated according to Curtis et al [Cardiovascular Research 22, 656-665], except Hock, 1990 used a 
modified method 
3 An increase in TSR is a desirable outcomes for antiarrhythmic effects.
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Table 3-13. Arrhythmic Effects in Studies Comparing Omega-3 Long-Chain PUFAs with a Linolenic Acid 

Arrhythmia Outcomes 
Author, 

Year 
Omega-3 

Arms 
Dosage, 
g/100 g Duration 

A
nim

al 

Sam
ple 

Size Deaths VT VF VPB  
/10 min IS AS TSR ¶, 

min 

Experimental 
Protocols 

Soybean 0.4 9 months Rats 18 11%  76%  23%  298 - 3.1 - Abeywarden
a, 1995 MaxEPA 3.3 9 months Rats 18 0%  22%  5%  94 - 0.9 - 

5-min ischemia 
10-min reperfusion 

Linseed 5.2 10 weeks Rats 10 - 60%  
- 

40%  
60%  

- 35%* 
- 

- 5.5*† 
- 

20-min ischemia 
20-min reperfusion Isensee, 

1994 Fish oil 3.0 10 weeks Rats 10 - 0%  
- 

10%  
40%  

- 36%* 
- 

- 10*† 
- 

20-min ischemia 
20-min reperfusion 

VT = ventricular tachycardia; VF = ventricular fibrillation; VPB = ventricular premature beats; IS = infarct size/size of ischemia zone;  
AS = arrhythmia score (according to Curtis et. al.); TSR = length of time in normal sinus rhythm; min = minute 
- Not reported    * estimated value from figures    † p<0.05 between groups 
¶  An increase in TSR is a desirable outcomes for antiarrhythmic effects
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Table 3-14. Total Deaths in Ischemia-Reperfusion-Induced Arrhythmias: Comparison of Animals Fed Fish Oil 
(EPA+DHA) With Controls Fed Saturated Fats 

Omega-3 Fatty Acids Control 
Author, year Omega-3 

Arms 
Dosage, 
g/100 g Duration 

Event Total Event Total 
Experiment Protocols 

Rabbits 

Chen, 1994 Fish oil 5.2 %kcal 2 weeks 3 * 12 5 * 14 10-min ischemia;  
1-hr reperfusion 

Chen, 1994 Fish oil 5.2 %kcal 2 weeks 6 † 14 8 † 15 1-hr ischemia;  
4-hr reperfusion 

Piglets 

Hartog, 1987 Mackerel 0.6 16 weeks 1 7 0 6 5-min ischemia;  
10-min reperfusion 

* Two deaths in each group occurred during reperfusion 
† 50% deaths occurred during ischemia; 50% occurred during reperfusion 
 
 
 
 
Table 3-15. Ventricular Tachycardia in Ischemia-Reperfusion-Induced Arrhythmias: Comparison of Animals 
Fed Fish Oil With Controls Fed Saturated Fats 

Omega-3 Fatty Acids Control 
Author, Year Omega-3 

Arms 
Dosage, 
g/100 g Duration 

Event Total Event Total 
Experiment Protocols 

Rats 

Pepe, 1996 Fish oil 5.2 16 weeks 7 † 20 14 † 20 15-min ischemia;  
10-min reperfusion 

Piglets 

Hartog, 1987 Mackerel 0.6 16 weeks 2 * 7 1 * 6 5-min ischemia;  
10-min reperfusion 

1 All events occurred during ischemia procedure 
† Some events occurred during ischemia; some occurred during reperfusion 
 
 
 
 
Table 3-16. Ventricular Fibrillation in Ischemia-Reperfusion-Induced Arrhythmias: Comparison of Animals 
Fed Fish Oil With Controls Fed Saturated Fats 

Omega-3 Fatty Acids Control 
Author, Year Omega-3 

Arms 
Dosage, 
g/100 g Duration 

Event Total Event Total 
Experiment Protocols 

Rats 

Pepe, 1996 Fish oil 5.2 %kcal 16 weeks 0 20 16 20 15-min ischemia;  
10-min reperfusion 

Yang, 1993 Fish oil 5.4 %kcal 5 days 3 * 8 7 * 9 15-min ischemia;  
10-min reperfusion 

Piglets 

Hartog, 1987 Mackerel 0.6 16 weeks 3 † 7 0 6 5-min ischemia;  
10-min reperfusion 

* VT (%) or VF (%). All events occurred during reperfusion 
† Some events occurred during ischemia; some occurred during reperfusion 
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Table 3-17. Ventricular Premature Beats in Ischemia-Reperfusion-Induced Arrhythmias: Comparison of 
Animals Fed Fish Oil With Controls Fed Saturated Fats 

Author, Year Omega-3 
Arms 

Dosage, 
g/100 g Duration Animals Total N VPB 1 Experiment Protocols 

Ischemia-Induced Arrhythimas 

Chen, 1994 2 Fish oil 5.2 %kcal 2 weeks Rabbits 22 -50%  

-35%  
10-min ischemia 
1-hr ischemia 

Hartog, 1987 Mackerel 0.6 16 weeks Piglets 13 +53%  5-min ischemia 
Pepe, 1996 Fish oil 5.2 %kcal 5 days Rats 40 -73%* 15-min ischemia 

Reperfusion-Induced Arrhythimas 

Chen, 1994 2 Fish oil 5.2 %kcal 2 weeks Rabbits 22 0%  

-25%  
10-min ischemia; 1-hr reperfusion 
1-hr ischemia; 4-hr reperfusion 

Hartog, 1987 Mackerel 0.6 16 weeks Piglets 13 -65%* 15-min ischemia; 10-min reperfusion 
VPB = ventricular premature beat 
*P<0.05 
1 See Chapter 2: Methods for the effects expressed as percent change 
2 Study results were biased by excluding more subjects who died from arrhythmias in the control group  
 
 
 
 
Table 3-18. Total Deaths in Induced Arrhythmias: Comparison of Dogs Fed EPA and/or DHA With No 
Treatment Controls 

Omega-3 Fatty Acids Control 
Author, Year Omega-3 

Arms 
Dosage, 
g/100 g Duration 

Event Total Event Total 
Experiment Protocols 

Culp, 1980 Menhaden 3.3 %kcal 5~7 weeks 3 10 5 17 Coronary artery thrombosis induced 
by electrical stimulation 

Otsuji, 1993 EPA ester 1.0 8 weeks 0 10 5 15 Coronary artery ligation (or ischemia) 

 
 
 
 
Table 3-19. Ventricular Premature Beats/Complex, Infarct Size, Arrhythmia Score and Areas at Risk of 
Arrhythmias: Comparison of Dogs Fed EPA and/or DHA With No Treatment Controls 

Arrhythima Outcomes 1 
Author, Year Omega-3 

Arms 
Dosage, 
g/100 g 

Duratio
n 

Total 
N VPB AS 3 IS ARAr 

Experimental 
Protocols 

Kinoshita, 1994 EPA ester 1.0 8 weeks 20 -44%* -55% † - - 3-hr ischemia 

Culp, 1980 Menhaden 3.3 %kcal 5~7 
weeks 27 Decreased - -52%  - Electrical stimulation 

Otsuji, 1993 2 EPA ester 1.0 8 weeks 20 - - -40% † NS Ischemia 
Oskarsson, 
1993 MaxEPA 1.0 6 weeks 22 - - -55%* NS 90-min ischemia; 30-

min reperfusion 
VPB = ventricular premature beats/complex; IS = infarct size/size of ischemia zone; AS = arrhythima score (according to Curtis 
et al, 1987); TSR =length of time in normal sinus rhythm; ARAr = areas at risk of arrhythmias; ISH = ischemia 
- Not reported   NS = no significant difference compared to controls 
* P<0.05 compared to controls    † p<0.01 compared to controls 
1 See Chapter 2: Methods for the effects expressed as percent change 
2 Study results were biased by excluding more subjects who died from arrhythmias in the control group 
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Table 3-20. Effects of Intravenously Infused Omega-3 Fatty Acids on Ischemia-Induced or Spontaneous 
Arrhythmias in Mongrel Dogs 

Author, 
Year 

Omega-3 
Arms (N) Dosage Controls (N) Results Experiment 

Protocols 
Billman, 
1994 

10 ml fish oil 
conc  (n=4), 
or 5 ml fish oil 
+ 5 ml Tg 
conc (n=4) 

Fish oil conc.: 
70% EPA+DHA 
T conc.:  
65% EPA+DHA 

Saline (n=3) or 
lipid emulsion 
(n=5) 

 N VF incidence 
Fish oil infusion    8 13%* 
Controls   8 100%  
*P<0.005 compared to controls 

Exercise-
ischemia (2-
min) test 

Billman, 
1999 

Albumin-
bound 
ALA (n=8) 
EPA (n=7) 
DHA (n=8) 

98% EPA 
91% DHA 
>99% ALA 
No data on the 
amount (ml) 
infused 

SBO lipid 
emulsion, 
containing 
7%~8% ALA 
(n=7) 

N VF incidence 
ALA 8 25%* 
EPA 7 29%* 
DHA 8 25%* 
Controls 7 100%  
*P<0.05 compared to controls 

Exercise-
ischemia (2-
min) test 

Eight dogs were infused control buffer or different 
doses of ALA. No events of VT or VPB were 
observed when infusing control buffer, or ALA up 
to 10 mg/kg. 

ALA (mg/kg) 20  30 60 
VPC 
VT 

25%  
13%  

75%* 
38%  

88%* 
63%* 

Lo, 1991 ALA (n=8) 1 1, 5, 10, 20, 30, or 
60 mg/kg 

Control buffer, 
pH 8.1 (no 
lipids) 

*P<0.05 compared to control buffer 

Normal 
condition 

Tg = triglyceride; VF = ventricular fibrillation; VPC = ventricular premature complex; VT = ventricular tachycardia; conc = 
concentrate; SBO = soybean oil 
1 A left atrial injection instead of intravenous injection was used as the route of administration in this study 
 
 



 
Table 3-21. Effects of Omega-3 Fatty Acids on Contractile Parameters in Whole Animal Isolated Organ and Cell Studies 

 

107

 
Comparison 

Groupsa 
Author, 

Year 

Animal 
Model 
[Type, 
Age, 
Sex] 

Exposure 
Duration 
(Weeks) 

Omega-3 
Fatty 

Acid (n) 

Control 
(n) 

Amount of 
Omega-3 

Fatty Acid 

Experimental 
Condition 

 
Agentb 

Heart 
Rate Contractilityc IPd Cardiac 

Work 

RAT 
Chemla, 1995 Myocardium, 

Adult, 
Male 

4 N-3 (15) N-3 (16) 15%wt Ambient None  NC (FVR)   

Demaison, 
1993 

Isolated heart, 
weanling, male 

8 LIN (29) SF (32) 100g/kg Ambient None    NC 

FO+SAF 
(6-11) 

SAF  
(6-11) 

19.5%+0.5%wt Ambient ISO  NC (FOC)   

FO+SAF 
(6-11) 

SAF  
(6-11) 

19.5%+0.5%wt Ambient Saline NC NC (FOC) 
NC (df/dt) 
NC (–df/dt) 

  

Heard, 1992 
 

Atrial tissue, 
adult, male 

4  

FO+SAF 
(6-11) 

SAF  
(6-11) 

19.5%+0.5%wt Ambient LPS D* I* (FOC) 
I* (df/dt) 
I* (–df/dt) 

  

HC+EPA HC 300mg/kg Ambient None NC    
HC+DHA HC 300mg/kg Ambient None NC    

Ku, 1997 
 

Isolated heart, 
aged female 

12 

HC+DHA HC+EPA 300mg/kg Ambient None NC    
FO (29-36) LARD 

(29-36) 
35g/d Ambient None   NC 

(DCL) 
NC 
(SCL) 
NC 
(PCL) 
NC 
(PRP) 

 

FO (6 
animals) 

LARD (6 
animals) 

35g/d Ambient  ISO  D*   

Leifert, 2000 Ventricular 
myocyte, young 
adult, male  
(Gavage)  

3  

FO (6-9 
animals) 

LARD (6-
9 animals) 

35g/d Ambient FRGS  D*   

Leifert, 2001 Ventricular 
myocyte, 
adult male 

3 FO (6 
animals) 

SF (6 
animals) 

10%wt Ambient ISO  D*** 
D* (Time) 
NC (#) 

  

Reig, 1993 Ventricular 
tissue, 
young adult, 
male 

5 FO (5) HF (5) 6%wt Ambient None NC    



 
Table 3-21. Effects of Omega-3 Fatty Acids on Contractile Parameters in Whole Animal Isolated Organ and Cell Studies 
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Comparison 

Groupsa 
Author, 

Year 

Animal 
Model 
[Type, 
Age, 
Sex] 

Exposure 
Duration 
(Weeks) 

Omega-3 
Fatty 

Acid (n) 

Control 
(n) 

Amount of 
Omega-3 

Fatty Acid 

Experimental 
Condition 

 
Agentb 

Heart 
Rate Contractilityc IPd Cardiac 

Work 

            

Laustiola, 1986 Atrial myocyte, 
weanling, male 

16  
 

CLO (7-11) 
 

Std (7-11) 
 

10% wt High O2 None D***  D*** 
(A) 

 

   CLO (4-11) 
 

Std (4-11) 
 

10% wt High O2 NA NC  NC (A)  

   CLO (4-11) 
 

Std (4-11) 
 

10% wt Hypoxia NA D***  D*** 
(A) 

 

   CLO (4-11) 
 

Std (4-11) 
 

10% wt Reoxygenation NA NC  NC (A)  

IP= inotropic parameters; D = decrease;  I = increase;  NA = not applicable ;  NC = no change;  ND= no data;  * = p<0.05   ** = p<0.01;    *** = p<0.001 
   

A = amplitude EPAe =EPA esters HC = high cholesterol PCL =percent cell length 
CLO = cod liver oil FO = fish oil HF = high fat  PRP =post rest potentiation 
D = decrease FOC =force of contraction ISO =isoproteronol SAF = safflower oil 
DCL =diastolic cell length FRGS =free radical generating system LIN = linseed oil SF = saturated fat  
df/dt =maximum rate of rise of contraction FVR =force-velocity relationship  LPS =lipopolysaccharide STD = standard chow 
DHA =decosahexaenoic acid    
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Comparisonsa 

Author, 
Year 

Animal Model 
[Type, 
Age, 
Sex] Ex

po
su

re
 

D
ur

at
io

n 
(W

ee
ks

) 

Omega-3 
Fatty Acid 

(n) 

Contr
ol 

(n) 

Amount 
of 

Omega-3 

Experiment 
Condition Agent VERP ARP RRP QRS QT MAP RDT 

RAT 
Reig, 1993 Ventricular, 

young adult,  
male 

5  FO+HF 
(5) 

HF 
(5) 

6+31% wt Ambient None D*       

Karmazyn, 1987 Isolated heart 
weanling 
male/female 

12  CLO  
(5-9) 

STD 
(5-9) 

10% wt Ischemia 
Reperfusion 

None       NC 

RABBIT 
Gillis, 1992  SR vesicles, 

 weanling,  ND 
6  FO 

(9) 
SAF 
(9) 

10% wt Ambient None NC NC NC NC NC  NC epi 
NC endo 

    

VERP =left ventricular effective refractory period;  ARP = absolute refractory period ;  RRP =relative refractory period ;   
QRS =ventricular conductance time;  Qt = electrocardiogram interval ;  MAP =monophasic action potential duration ;  RDT =  developed or resting tension;  
D = decrease;   I = increase;  NA = not applicable ;  NC = no change;   ND= no data; * = p<0.05   ** = p<0.01;    *** = p<0.001 
 
 

CLO = cod liver oil endo =endocardial HF = high fat  SAF = safflower oil 
D = decrease epi =epicardial NC =no change STD =standard chow 
 FO = fish oil ND =no data SR =sarcoplasmic reticulum 
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Comparison 

Groupsa 
Author, 

Year 

Animal 
Model 
[Type, 
Age, 
Sex] 

Feeding 
Duration 
(Weeks) 

Omega-3 
Fatty Acid 

(N) 

Control 
(N) A

m
-m

ou
nt

 
of

 O
m

eg
a-

3 

Ex
pe

rim
en

t 
C

on
di

tio
n 

Agent 
Pumpa 
Activity 

Cy
s 

Ca
2+

 
In

flu
x 

Cy
s 

Ca
2+

 
Ef

flu
x 

Cy
s 

Ca
2+

 
Co

nt
en

t 

SR
 C

a2
+  

Co
nt

en
t 

SR
 C

a2
+ 

Re
le

as
e 

SR
 C

a2
+ 

U
pt

ak
e 

MOUSE 
ALA ester 

(3) 
SAF 
(3) 0.5%wt Ambient None     D*   

EPA ester 
(3) 

SAF 
(3) 0.5%wt Ambient None NC SR Ca2+Mg2+    D*   

Croset, 
1989b 

SR vesicles,  
weanling,  
male 

2 

DHA ester 
(3) 

SAF 
(3) 

0.5%wt Ambient None NC SR Ca2+Mg2+    D*   

Swanson, 
1989 

SR vesicles,  
weanling, male 

2 SAF+FO 
(3ht) 

SAF+CO 
(3ht) 10% wt Ambient None D* Ca2+Mg2+      D** 

DHA ester 
(10) 

STD 
(10) 

0.4 g/100 
g Ambient None NC SR Ca2+Mg2+       

DHA ester 
(10) 

STD 
(10) 

0.8 g/100 
g Ambient None NC SR Ca2+Mg2+       

SR vesicles,  
weanling, male 

2 
 

DHA ester 
(10) 

STD 
(10) 4 g/100 g Ambient None NC SR  Ca2+Mg2+       

DHA ester 
(10) 

STD 
(10) 

0.4 g/100 
g 

Ambient 
 Oligomycin I* Ca2+Mg2+       

DHA ester 
(10) 

STD 
(10) 

0.8 g/100 
g Ambient Oligomycin I* Ca2+Mg2+       

Croset, 
1989a 

Cardiac, 
weanling, male 
 

2 
 

DHA ester 
(10) 

STD 
(10) 

4 g/100 g Ambient Oligomycin NC Ca2+Mg2+       

RAT 
Benedikts -
dottir, 1988 

Cardiac, adult 
male 

16 Cod liver 
(ND) 

Corn 
(ND) 

!0% wt Ambient None NC Na+K+       

Fish oil 
(5) 

Omega-6 
(6) 11.7% wt Ambient None    NC    

Fish oil 
(5) 

Omega-6 
(6) 

11.7% wt Ambient  w/ 
NorEpi 

None    
D* total 
D* aged 

NC young 
   

Pepe, 1999 Cardiac, 
aged & young 
adults, male 

2 

Fish oil 
(5) 

Omega-6 
(6) 11.7% wt 

15-minute 
ischemia; 
5-minute 

reperfusion 

None    D* aged 
D*** young    
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Comparison 

Groupsa 
Author, 

Year 

Animal 
Model 
[Type, 
Age, 
Sex] 

Feeding 
Duration 
(Weeks) 

Omega-3 
Fatty Acid 

(N) 

Control 
(N) A

m
-m

ou
nt

 
of

 O
m

eg
a-

3 

Ex
pe

rim
en

t 
C

on
di

tio
n 

Agent 
Pumpa 
Activity 

Cy
s 

Ca
2+

 
In

flu
x 

Cy
s 

Ca
2+

 
Ef

flu
x 

Cy
s 

Ca
2+

 
Co

nt
en

t 

SR
 C

a2
+  

Co
nt

en
t 

SR
 C

a2
+ 

Re
le

as
e 

SR
 C

a2
+ 

U
pt

ak
e 

Taffet, 1993 SR vesicle,  
young adult, 
female 

3 CO+FO 
(11-12) 

CO 
(11-12) 17% wt Ambient None       D* 

  
 CO+FO 

(11-12) 
CO 

(11-12) 17% wt Ambient Ca2+ 50uM 
ATP 

D* SR 
Ca2+Mg2+ 
D* Ca2+ 

      

  

 
CO+FO 
(11-12) 

CO 
(11-12) 17% wt Ambient 

Ca2+ 50uM 
ATP+ 

Ionomycin 

D* SR 
Ca2+Mg2+ 
D* Ca2+ 
NC Mg2+ 

      

  

 
CO+FO 
(11-12) 

CO 
(11-12) 17% wt Ambient 

Ca2+ 1 mM 
ATP+ 

Ionomycin 

D* Ca2+Mg2+ 
D* Ca2+ 

 
D*Mg2+ 

   D*   

Fish oil 
(8) 

SFA 
(8) 10% wt Ambient     NC NC   

Fish oil 
(8) 

SFA 
(8) 10% wt Ambient  Caffeine     NC   

Fish oil 
(8) 

SFA 
(8) 

10% wt Ambient  DBHQ     NC  
I* Ca2+ 

exchanger 

efflux 

Leifert, 2001 
 

Cardiac,  adult,  
male 

3 

Fish oil 
(8) 

SFA 
(8) 10% wt Ambient   ISO    NC   

I* Ca2+ 

exchanger  

or SR efflux 

Black, 1989 
SR, 
adult,  
male (Gavage) 

4 
FO (6) STD(6) 0.5 

ml/kg/d Ambient Ca2+       
NC Ca2+ 

transport  

activity 

Karmazyn, 
1987 

Ventricular,  
weanling,  
male/female 

12 
Cod liver 

(5-9) 
STD 

(up to 11) 10%wt 

20-minute 
ischemia; 
30-minute 

reperfusion 

None  I** NC     

Maixent, 
1999 

Cardiac, adult,  
male 

8 Fish oil 
(4) 

STD 
(4) 0.5 g/kg Ambient OUA NC Na+K+       
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Comparison 

Groupsa 
Author, 

Year 

Animal 
Model 
[Type, 
Age, 
Sex] 

Feeding 
Duration 
(Weeks) 

Omega-3 
Fatty Acid 

(N) 

Control 
(N) A

m
-m

ou
nt

 
of

 O
m

eg
a-

3 

Ex
pe

rim
en

t 
C

on
di

tio
n 

Agent 
Pumpa 
Activity 

Cy
s 

Ca
2+

 
In

flu
x 

Cy
s 

Ca
2+

 
Ef

flu
x 

Cy
s 

Ca
2+

 
Co

nt
en

t 

SR
 C

a2
+  

Co
nt

en
t 

SR
 C

a2
+ 

Re
le

as
e 

SR
 C

a2
+ 

U
pt

ak
e 

Chen, 1994 Cardiac, adult,  
male 

2 
Fish oil 

(5) 
Coconut 

(5) 10%wt Ischemia None    NC    

  

 
Fish oil 

(5) 
Coconut 

(5) 10%wt 

10-minute 
ischemia; 
1-hour 

reperfution 

None    NC    

  

 
Fish oil 

(5) 
Coconut 

(5) 
10%wt 

1-hour 
ischemia; 
4-hour 

reperfusion 

None    NC    

EPA ester 
(6) 

STD 
(ND) 

100 
mg/kg/d Ambient None I* Ca2+Mg2+ (Vmax)  

NC Km       

EPA ester 
(6) 

STD 
(ND) 

100 
mg/kg/d 

Ischemic None I* Ca2+Mg2+ (Vmax)  

NC Km 
      

EPA ester 
(6) 

STD 
(ND) 

100 
mg/kg/d 

Ambient OUA NC Na+K+       

Kinoshita, 
1994 

Cardiac, adult 
ND 

8 

EPA ester 
(6) 

STD 
(ND) 

100 
mg/kg/d Ischemic OUA NC Na+K+       

Honen, 2002 Atrial, adult,  
male 

3 Fish oil 
(6) 

Canola 
(6)  3 ml/d Ambient None  NC      

PIG 

Ambient Ca2+ I*Ca2+       
Lamers, 
1988 

Sarcolemma, 
weanling, 
male/female 

8 

Fish oil 
 (8) 

Lard 
 (8) 4.5%w  Ischemia 

Reper-
fusion 

Ca2+ I*Ca2+       

Cys= cytosolic; SR= sarcoplasmic reticulum; D = decrease;  I = increase;  NC = no change;    ND= no data; * = p<0.05   ** = p<0.01;    *** = p<0.001 
 

ALAe =alpha linoleic acid DHA =decosahexaenoic acid Mg2+=magnesium  SFA =saturated fatty acid 
ATP =adenosine triphosphate EPAe =eicosapentaenoic acid NC =no change STD =standard chow 
CO = corn oil FO = fish oil ND =no data SR =sarcoplasmic reticulum 
D = decrease I =increase OUA =ouabain uM =micromoles 
DBHQ =2,4-Di-tert -buytlhydroquinone ISO =isoproteronol SAF = safflower oil  
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Comparison 

Groupa 

 
Author, 

year 
 

Animal Model 
[Type, 
Age, 
Sex] 

Expo- 
sure 

Duration 
(weeks) 

Omega-3 
Fatty 

Acid (n) 

Control 
 (n) 

Amount of 
Omega-3 

Expt. 
Con- 
dition 

Agent INa I to ICa.L  IK IKI IKUR 

RAT 
Minarovic, 
1998 
 

ventricular 
myocyte, 
Young adult, 
male 

2  FO 
(ND) 

HF 
 (ND)) 

100g/Kg/d Ambient None   NC Ac 
NC InAc 
NC A 

   

Leifert, 
2000 

ventricular 
myocyte, 
Young adult, 
male 

3  FO 
(17-28) 

LARD 
(17-28) 

29% Energy  Ambient None 
 

NC Ac 
NC InAc 

NC Ac 
NC InAc 

 

   

INa=initial fast current; Ito= transient K+ outward current or initial outward current; ICa.L= voltage dependent L-type Calcium current/inward current/calcium sparks; I k= delayed 
rectifier K+ current; Iki= inward rectifier K+ current; Ikur= ultra rapid K+ current; Ac-activation parameter;  InAc = inactivation parameter; D = decrease;  I = increase;  NC = no 
change;   ND= no data; * = p<0.05   ** = p<0.01;    *** = p<0.001 
 
  

A =amplitude InAc =inactivation parameter   
Ac =activation parameter HF = high fat    
FO = fish oil NC =no change   
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Comparison 

Groupsa Author, 
year 

 

Animal 
Model 
[Type, 
Age, 
Sex] 

Exposure 
Duration 
(weeks) 

 

Omega-3 
FA 
(n) 

Con-
trol 
(n) 

Amount 
of 

omega-3 

Experimental 
Condition Agentb Binding to the Ca2+ 

Channel 

RAT 
Ventricular SL,  
Adult, male 
 

20  CLO 
(4-5) 

CO 
(4-5) 

10% wt Ambient NIT NC Kd 

NC Bmax 

Ventricular SL, 
Aged, male 
 

88  CLO 
(4-5) 

CO 
(4-5) 

10% wt Ambient NIT NC Kd 

NC Bmax 

Gudmunds 
-dottir, 1991 

Ventricular SL, 
Adult & aged, 
male 

20  & 88  CLO 
(5) 

CO 
(5) 

10% wt Ambient NIT D* Kd 

NC Bmax 

FO 
(ND) 

HF 
(ND) 

100g/kg Ambient VER No effect of agent Minarovic, 
1997 

Ventricular 
myocytes, 
Young adult, 
male 

2  

FO 
(ND) 

HF 
(ND) 

100g/kg Ambient DIL No effect of agent 

D = decrease;  I = increase;  NC = no change;   ND= no data; * = p<0.05   ** = p<0.01;    *** = p<0.001 
 
 
CLO = cod liver oil DIL =diltiazem HF = high fat  NIT =nitrendipine 
CO = corn oil FA =fatty acid NC =no change VER =verapamil 
D = decrease FO = fish oil ND =no data  
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Comparison Groupsa  
Author, 

Year 
 

Model 
[Animal, 

Age, 
Type] 

Exposure 
Duration 

 
Omega-3 

Fatty Acid 
(n) 

Control 
(n) 

Am-
ount of 
Omega-

3 

Experi-
mental 
Con-

dition 

Agentb ARc 
Con- 
Tractilityd 

 
IP tC20 CD20 CD80 -Cmax +Cmax 

RAT 
DHA 
 (6) 

STD  
(6) 

5uM Ambient None  NC        

DHA  
(10) 

STD  
(10) 

5uM Ambient OUA P* 
T* 

       

DHA  
(6) 

STD  
(6) 

5uM Ambient NIT  B*       

DHA  
(4) 

STD 
(4) 

5uM Ambient BAY  B*       

DHA  
(3-4) 

STD  
(3-4) 

5uM Ambient VER  NB       

DHA  
(3-4) 

STD  
(3-4) 

5uM Ambient DIL  NB       

Hallaq, 
1992 
 
 

Rat, 
neonatal,  
ventricular 
 

1-2 min 
 
Free  
  

EPA 
(ND) 

STD  
(ND) 

5uM Ambient OUA P* 
 

       

EPA (107/7ht) STD (107/7ht) 10uM Ambient ISO  D**       

DHA (101/5ht) STD  
(101/5ht)  

10uM Ambient ISO  D*       

Jahangiri, 
2000 
 

Rat, adult,  
atrial 

7 minFree 

DHA m.e. 
(71/4ht) 

STD 
 (71/4ht) 

10uM Ambient ISO  NC       

ALA 
(5) 

STD 
(5) 

5-10uM Ambient None 
 

 D*        

EPA  
(46) 

STD 
(46) 

5-10uM Ambient None  
 

D* NC A      

EPA  
(ND) 

STD 
(ND) 

5-10uM Ambient Vara  D*       

EPA  
(ND) 

STD 
(ND) 

5-10uM Ambient Ca2+ P* 
T* 

       

EPA  
(ND) 

STD 
(ND) 

5-10uM Ambient OUA P* 
T* 

       

EPAe.e.  
(3) 

STD 
(3) 

5-10uM Ambient None  NC        

DHA 
(32) 

STD 
(32) 

5-10uM Ambient 
 

None  
 

D*  

 
NC A      

DHA 
(ND) 

STD 
(ND) 

5-10uM Ambient Ca2+ P* 
T* 

       

Kang & 
Leaf, 1994 
 

Rat, 
neonatal, 
cardiac  

3 minFree 

DHA 
(ND) 

STD 
(ND) 

5-10uM Ambient OUA P* 
T* 
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Comparison Groupsa  
Author, 

Year 
 

Model 
[Animal, 

Age, 
Type] 

Exposure 
Duration 

 
Omega-3 

Fatty Acid 
(n) 

Control 
(n) 

Am-
ount of 
Omega-

3 

Experi-
mental 
Con-

dition 

Agentb ARc 
Con- 
Tractilityd 

 
IP tC20 CD20 CD80 -Cmax +Cmax 

Kang & 
Leaf, 1996 
 

Rat, 
neonatal, 
cardiac  

3-7 min Free ALA 
(5) 

STD 
 (5) 

10-15uM Ambient 
 

LPC 
 

P* 
 

D*       

  3-7 min Free ALA 
(5) 

STD 
 (5) 

10-15uM Ambient PTC P* T*        

  3-7 min Free EPA 
 (5) 

STD 
 (5) 

10-15uM Ambient LPC P* T* D*       

  3-7 min Free EPA 
 (5) 

STD 
 (5) 

10-15uM Ambient PTC P* T*        

  3-7 min Free EPA 
 (5) 

STD 
 (5) 

10-15uM Ambient Ca2+ 
Ionophore 

P* T*        

  3-7 min Free EPA 
 (7) 

STD 
 (7) 

15uM Ambient Electrical 
pacing 

 D** EA       

  3-7 min Free DHA 
(5) 

STD 
 (5) 

10-15uM Ambien 
 

LPC 
 

P* 
 

D*       

  3-7 min Free DHA 
(5) 

STD 
 (5) 

10-15uM Ambient PTC P* T*        

EPA 
(4) 

STD 
(4) 

8uM Ambient Cholera 
toxin 

 DND        

EPA 
 (5-8) 

STD 
(5-8) 

5-10uM Ambient 
 

ISO 
 
 

P* T* DND        

EPA 
 (3) 

STD 
(3) 

5-10uM Ambient ISO+INDO+
BW 

P*        

EPA 
 (5) 

STD 
(5) 

5-10uM Ambient cAMP T*        

Kang, 
1995b 
 

Rat, 
neonatal, 
cardiac  

5 min Free 

DHA 
 (3) 

STD 
(8) 

5-10uM Ambient ISO+INDO+
BW 

P*        

ND Free DHA 
(5) 

DA 
(5) 

10uM Ambient 
 

ISO  D**        

 DHA 
(4) 

Stearic A 
(4) 

10uM Ambient 
 

LPC 
 

 D**  
 

      

Leifert, 
2000 
 

Rat, adult,  
ventricular 

 DHA 
(4) 

Stearic A 
(4) 

10uM Ambient ISO  D*        
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Comparison Groupsa  
Author, 

Year 
 

Model 
[Animal, 

Age, 
Type] 

Exposure 
Duration 

 
Omega-3 

Fatty Acid 
(n) 

Control 
(n) 

Am-
ount of 
Omega-

3 

Experi-
mental 
Con-

dition 

Agentb ARc 
Con- 
Tractilityd 

 
IP tC20 CD20 CD80 -Cmax +Cmax 

Li, 1997 Rat,  
neonatal, 
cardiac  

ND Free EPA 
(ND) 

STD 
(ND) 

10uM Ambient Eico T* D*       

EPA 
(6-8) 

STD 
(6-8) 

1-7.5uM  Ambient None  IND TS       

EPA 
(6-8) 

STD 
(6-8) 

>10uM Ambient None  DND TS       

DHA 
(6-8) 

STD 
(6-8) 

1-7.5uM  Ambient None  IND TS       

MacLeod, 
1998 

Rat,adult, 
ventricular 

5 min Free 

DHA 
(6-8) 

STD 
(6-8) 

>10uM Ambient None  DND TS       

Negretti, 
2000 

Rat, adult 
ventricular 

ND Free EPA 
(6-57) 

STD 
(6-57) 

10uM Ambient None  D*** F I*** RCL      

DHA 
(6) 

STD 
(6) 

5 uM Ambient None  NC DL 
NC TA 

NC VS/DL 

      

DHA 
(6) 

STD 
(6) 

5 uM Ambient NIT  B* TA 
B* VS/DL 

      

DHA 
(6) 

STD 
(6) 

5 uM Ambient ISO  NC TA 
NC DL 

      

Pepe, 1994 Rat, adult,  
cardiac  

4 min Free 

DHA 
(6) 

STD 
(6) 

5 uM Ambient BAY  B* TA 
B* VS/DL 

      

Rat, adult,  
ventricular 

10 min Free EPA 
 (8) 

STD  
(8) 

5uM Ambient None 
 

 D***TS       

EPA 
(5) 

STD 
(5) 

5uM Ambient Ca2+  D* F 
NC Relax  

      

Rodrigo, 
1999 
 
 
 

Rat, adult,  
SSP 
ventricular 

10 min Free 
 

EPA 
(5) 

STD 
(5) 

10uM Ambient Ca2+  D* F 
NC Relax  

      

Weylandt,  
1996 

EPA 
(8) 

STD 
(8) 

15uM Ambient 
 

ISO 
 

T* 
 

       

 EPA 
(12) 

STD 
(12) 

15uM Ambient Ca2+ D*        

 DHA 
(8) 

STD 
(8) 

15uM Ambient ISO T*        

 

Rat, 
neonatal, 
cardiac  

3-12min 
Free 
 
 

DHA 
(12) 

STD 
(12) 

15uM Ambient Ca2+ D*        

  3-12 min 
Free 
48 hr Bound 

DHA Free 
(23) 

DHA Bound 
(23) 

15uM Ambient ISO T*        

   EPA Free 
(23) 

EPA Bound 
(23) 

15uM Ambient ISO T*        
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Comparison Groupsa  
Author, 

Year 
 

Model 
[Animal, 

Age, 
Type] 

Exposure 
Duration 

 
Omega-3 

Fatty Acid 
(n) 

Control 
(n) 

Am-
ount of 
Omega-

3 

Experi-
mental 
Con-

dition 

Agentb ARc 
Con- 
Tractilityd 

 
IP tC20 CD20 CD80 -Cmax +Cmax 

   DHA Free 
(10) 

DHA Bound 
(10) 

15uM Ambient Ca2+ D*        

   EPA Free 
(10) 

EPA Bound 
(10) 

15uM Ambient Ca2+ D*        

SM3-Na-Al (5) 
 

STD  
(5) 
 

28%ALA+ 
30%EPA 
 

Ambient 
 
 

None   NC  
 

   NC 
 

NC NC 

SM3-Na-Al (5) 
 

STD  
(5) 
 

28%ALA+ 
30%EPA 
 

Ambient 
 
 

ISO  D*     NC NC NC 

SM3-Na-Al (5) SM6-Na-Al (5) 28%ALA+ 
30%EPA 

Ambient 
 

None 
 

 NC  
 

   NC 
 

NC 
 

I** 
 

Courtois, 
1992 
 

Rat, 
neonatal, 
ventricular 

24 hr Bound 

SM3-Na-Al  
(5) 

SM6-Na-Al (5) 28%ALA+ 
30%EPA 

Ambient ISO  NC    NC NC NC 

De Jonge, 
1996 

Rat, 
neonatal, 
ventricular 

4-5 d 
Bound 

EPA  
(4) 

STD  
(4) 

214uM Ambient None  D*        

SM3 
(6) 

SM6  
(6) 

25uM 
EPA+ 
25 uM 
DHA-Al 

Ambient 
 
 

None 
 
 

   NC 
 

NC 
 

NC 
 

NC 
 

NC 
 

SM3 
(6) 

SM6  
(6) 

25uM 
EPA+ 
25uM 
DHA-Al 

Hypoxia None    NC NC NC NC NC 

Durot, 
1997 

Rat,  
neonatal, 
ventricular 

4 d 
Bound 

SM3 
(6) 

SM6  
(6) 

25uM 
EPA+ 
25uM 
DHA-Al 

Reoxy None    NC NC NC NC NC 

Fournier, 
1995 

Rat,  
neonatal, 
ventricular 

4 d 
Bound 

EPA 
(11) 

DHA 
(11) 

100uM Ambient None    NC NC NC NC NC 

Grynberg, 
1988 

Rat,  
neonatal, 
ventricular 

24 h 
Bound 

SM3 
(11) 

SM6 
(11) 

57%ALA 
+7%LA  
+0.2% 
AA-Na-Al 

Ambient 
 
 

None 
 
 

   NC 
 
 

 NC 
 
 

  

   SM3 
(11) 

SM6 
(11) 

57%ALA 
+7%LA 
+0.2% 
AA-Na-Al 

Hypoxia None    NC  NC   
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Comparison Groupsa  
Author, 

Year 
 

Model 
[Animal, 

Age, 
Type] 

Exposure 
Duration 

 
Omega-3 

Fatty Acid 
(n) 

Control 
(n) 

Am-
ount of 
Omega-

3 

Experi-
mental 
Con-

dition 

Agentb ARc 
Con- 
Tractilityd 

 
IP tC20 CD20 CD80 -Cmax +Cmax 

   SM3 
(11) 

SM6 
(11) 

57%ALA 
+7%LA 
+0.2% 
AA-Na-Al 

Reoxy None    NC  NC   

Grynberg, 
1995 

Rat,  
neonatal, 
ventricular 

4 d 
Bound 
 

EPA-Na-Al 
(12) 

DHA-Na-Al 
(12) 

100uM Ambient 
 

None 
 

 NC F 
 

  NC NC 
 

NC NC 

   EPA-Na-Al 
(6) 

DHA-Na-Al 
(6) 

100uM Ambient ISO  D* F    NC   

   EPA-Na-Al 
(6) 

DHA-Na-Al 
(6) 

100uM Ambient Phe  NC     NC   

   EPA-Na-Al 
(6) 

DHA-Na-Al 
(6) 

100uM Ambient dBcAMP  D*        

4 d 
Bound 

EPA-Al  
(10) 

DHA-Al  
(10) 

0.1mM Ambient 
 
 

None 
 
 

 NC  
 
 

  NC NC NC NC 

4 d 
Bound 

EPA-Al  
(10) 

DHA-Al  
(10) 

0.1mM Ambient Phe  NC        

4 d 
Bound 

EPA-Al  
(10) 

DHA-Al  
(10) 

0.1mM Ambient ISO  D**        

Grynberg, 
199 

Rat,  
neonatal, 
ventricular 

4 d 
Bound 

EPA-Al  
(10) 

DHA-Al  
(10) 

0.1mM Ambient dBcAMP  D**        

EPA  
(6) 

STD 
(6) 

5uM Ambient 
 

None 
 

 NC  

 
NC A 
 

     Hallaq, 
1990 

Rat,  
neonatal 
 

3-5 d 
Bound 

EPA 
(6) 

STD  
(6) 

5uM Ambient OUA  D*** I*** A      

 
Ponsard, 
1999 

 
Rat, 
neonatal, 
ventricular 

 
4 d 
Bound 

EPA+DHA-Al 
(13) 

STD 
(13) 

5%EPA+ 
7%DHA 

Ambient 
 

None 
 
 

 NC    NC NC NC NC  

 

   EPA+DHA-Al 
(7) 

N-6 
(7) 

5%EPA+ 
7%DHA 

Ambient ISO  I*   
 

  NC NC NC NC  

 

   EPA+DHA-Al 
(6) 

N-6 
(6) 

5%EPA+ 
7%DHA 

Ambient PHE  I*    NC NC NC NC  
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Comparison Groupsa  
Author, 

Year 
 

Model 
[Animal, 

Age, 
Type] 

Exposure 
Duration 

 
Omega-3 

Fatty Acid 
(n) 

Control 
(n) 

Am-
ount of 
Omega-

3 

Experi-
mental 
Con-

dition 

Agentb ARc 
Con- 
Tractilityd 

 
IP tC20 CD20 CD80 -Cmax +Cmax 

Reithman, 
1996 

Rat,  
neonatal, 
cardiac  

3 d 
Bound 

DHA 
(15) 

STD 
(15) 

60uM Ambient NA+TIM  
 

D**        

Weylandt,  
1996 
 
 

Rat, 
neonatal, 
cardiac  

48 hr 
Bound 

EPA 
(107) 

STD 
(51) 

15uM Ambient 
 

ISO 
 

NC 
 

       

 
 

 
 

 EPA 
(20) 

STD 
(14) 

15uM Ambient Ca2+ NC        

   DHA 
(51) 

STD 
(13) 

15uM Ambient 
 

ISO 
 

NC 
 

       

   DHA 
(20) 

STD 
(6) 

15uM Ambient Ca2+ NC        

   EPA 
(107) 

DHA 
(51) 

15uM Ambient 
 

ISO 
 

NC 
 

       

   EPA 
(6-14) 

DHA 
(6-14) 

15uM Ambient Ca2+ NC        

GUINEA PIG 
Ferrier, 
2002 

Guinea pig, 
adult,  
ventricular 

15-20 min 
Free 

DHA m.e. 
(18-24) 

STD 
(18-24) 

10uM Ambient None  D***CICR 
NC VSRM 

      

EPA-Na 
 (8) 

STD 
 (8) 

6x10-8 

mol/min 
Ambient OvAl NC        

EPA-Na  
(8) 

STD 
 (8) 

15x10-8 

mol/min 
Ambient OvAl D*        

Juan, 1987 
 

Guinea pig, 
adult,  
isolated 
heart 

30 min Free 

EPA-Na  
(5) 

STD 
 (5) 

15x10-8 

mol/min 
Ambient OvAl+Es  D*        

EPA 
(6-8) 

STD 
(6-8) 

5-20uM Ambient None  DND TS 
dd 

      MacLeod, 
1998 
 

Guinea pig, 
adult, 
ventricular 

5 min Free 
 

DHA 
(6-8) 

STD 
(6-8) 

5-20uM Ambient None  DND TS 
dd 

      

 
Rodrigo, 
1999 
 

 
Guinea pig, 
adult,  
ventricular 

 
10 min Free 

EPA 
 (7) 

STD 
 (7) 

5uM Ambient None 
 

 D***TS       

 Guinea pig, 
adult, SSP  
ventricular 

10 min Free EPA 
(5) 

STD 
(5) 

5uM Ambient Ca2+  D* F 
NC Relax  
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AR= arrhthymia; IP= inotropic parameters; tC20= contracting coupling delay;  CD20= contraction delay at 20% relaxation ; CD80= contraction delay at 80% relaxation ; -Cmax= 
relaxation time; +Cmax= cell shortening velocity; D = decrease;  I = increase;  NC = no change;   ND= no data; * = p<0.05   ** = p<0.01;    *** = p<0.001 
 
 
 
 
A =amplitude DHA m.e. =decosahexaenoic acid 

methylated 
LPC =lysophosphatidylcholine RCL =resting cell length 

AI =adequate intake DIL =diltiazem N-6 =omega-6 SM3 =synthesized medium 
for omega-3 group 

ALA =alpha linoleic acid DL =diastolic length NA+TIM =sodium and timolol SM6 = synthesized medium 
for omega-6 group 

AR =arrhythmia Eico =eicosanoids NB =no block STD = standard chow 
B =blocked EPA =eicosapentaenoic acid NC =no change T =terminated 
BAY =Bay K8644 EPAe.e. = eicosapentaenoic acid ethylated ND =no data TA =twitch amplitude 
BW = BW 755c lipoxygenase inhibitor Es =esculetin  NIT =nitrendipine TS =twitch size 
cAMP =cyclic adenosine monophosphate F =frequency OUA =ouabain uM=micromoles 

CICR =calcium induced contractile 
response 

INDO =indomethacin  OvAI =ovalbumin VER =verapamil 

D = decrease IP =inotropic parameters P =prevented VS/DL=velocity of 
shortening/diastolic length 

DA =amplitude ISO =isoproteronol PHE =phenylephrine VSRM =voltage sensitive 
release mechanism 

dBcAMP =dibutyryl cyclic adenosine 
monophosphate 

LA =linoleic acid PTC =palmitoylcamitine  
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Author, Year 

 

Model 
[Animal, 

Type, 
Age] 

Exposure 
Duration 

Omega-
3 Fatty 
Acid 
 (n) 

Con- 
trol 
(n) 

Amount 
of  

Omega-3  

Experi-
mental 

Condition 
Agent 

 
 
 

AP APA APD40 APD80 Vmax MDP OS Other 

RAT 
EPA  
(ND) 

STD 
(ND) 

5-10uM Ambient None IND NC       

EPA 
(ND) 

STD 
(ND) 

20uM Ambient None  DND IND  DND    

Bogdanov, 1998 
 

Rat, adult 
ventricular 

10-15 min 
Free 

DHA 
(ND) 

STD 
(ND) 

10-50uM Ambient None  DND IND  DND    

Kang, 1995 Rat,  
neonatal, 
ventricular 

2-5 min 
Free 

EPA 
(8) 

STD 
(8) 

10uM Ambient None D* F 
D** 

NC  D** NC    

EPA  
(11-14) 

STD  
(11-14) 

1-7.5uM  
 

Ambient None    IND dd     

EPA  
(11-14) 

STD  
(11-14) 

>10uM 
 

Ambient None    DND dd     

DHA  
(6-8) 

STD  
(6-8) 

1-7.5uM  Ambient None    IND 

 
    

MacLeod, 1998 Rat,  
adult, 
ventricular 

5 min 
Free 

DHA  
(11-14) 

STD  
(11-14) 

>10uM 
 

Ambient None    DND dd     

SM3 
(9) 

SM6 
(9) 

25uM EPA+ 
25uM DHA-
Al 

Ambient  None 
 
 

NC 
 

NC 
 

NC 
 

NC 
 

I* 
 
 

NC 
 

NC 
 

 

SM3 
(5) 

SM6 
(5) 

25uM EPA+ 
25uM DHA-
Al 

Hypoxia 
 

None NC 
 

D* 
 

D** 
 

D* 
 

NC NC 
 

  

Durot, 1997 Rat,  
neonatal, 
ventricular 

4 d 
Bound 

SM3 
(5) 

SM6 
(5) 

25uM EPA+ 
25uM DHA-
Al 

Reoxy None NC NC NC NC NC Im   

Fournier, 1995 Rat,  
neonatal, 
ventricular 

4 d 
Bound 

EPA 
(11) 

DHA 
(11) 

100uM Ambient None NC I* NC NC NC NC I*  

SM3 
(11) 

SM6 
(11) 

57%ALA+ 
7% LA+ 
+0.2% AA-  
Na-Al 

Ambient  None 
 

NC 
 

NC 
 

NC 
 

NC 
 

NC 
 

NC 
 

NC  Grynberg, 1988 Rat,  
neonatal, 
ventricular 

24 h 
Bound 

SM3 
(11) 

SM6 
(11) 

57%ALA+ 
7% LA+ 
+0.2% AA-  
Na-Al 

Hypoxia 
 

None 
 

NC 
 

D** 
 

NC 
 

NC 
 

NC 
 

NC 
 

D*  
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Author, Year 

 

Model 
[Animal, 

Type, 
Age] 

Exposure 
Duration 

Omega-
3 Fatty 
Acid 
 (n) 

Con- 
trol 
(n) 

Amount 
of  

Omega-3  

Experi-
mental 

Condition 
Agent 

 
 
 

AP APA APD40 APD80 Vmax MDP OS Other 

   SM3 
(11) 

SM6 
(11) 

57%ALA+ 
7% LA 
+0.2% AA-  
Na-Al 

Reoxy None NC I** NC NC NC NC I*  

Grynberg, 1996 Rat,  
neonatal, 
ventricular 

4 d 
Bound 

EPA-Al 
(10) 

DHA-Al 
(10) 

0.1mM Ambient None  I*  NC NC NC I*  

DHA 
(28-29) 

STD 
(28-29) 

60uM Ambient  None 
 

NC 
 

I*       

DHA 
(14-19) 

STD 
(14-19) 

60uM Ambient NA+TIM  
 

D* 
 

       

DHA 
(10-11) 

STD 
(10-11) 

60uM Ambient ISO 
 

D* 
 

       

Reithman, 1996 Rat,  
neonatal, 
cardiac  

3 d 
Bound 

DHA 
(4) 

STD 
(4) 

60uM Ambient OUA D*        

GUINEA PIG 
EPA 
(12-16) 

STD 
(12-16) 

1-20uM Ambient None    DND dd     MacLeod, 1998 Guinea 
pig, 
adult,  
ventricular 

5 min 
Free 

DHA 
(12-16) 

STD 
(12-16) 

1-20uM Ambient None    DND dd     

CAT 
Bayer, 1979 Cat,  

adult,  
heart in 
situ 

5 min 
Free IV 
 

ALA-Na 
(7) 

STD 
(7) 

2mg/kg/  
min 

Ambient INDO        NC AC 
NC AVC 
NC ARP 
NC 
AVRP 

NC = no change; AP=action potential rate; APA= action potential amplitude; APD40= action potential duration at 40% depolarization; APD 80= action potential duration at  
80% depolarization; Vmax= maximum rate of depolarization; MDP= maximum diastolic potential; OS= overshoot; D = decrease;  I = increase;  NC = no change;   ND= no data; 
 * = p<0.05   ** = p<0.01;    *** = p<0.001 
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AA =arachidonic acid D = decrease ISO= isoproteronol OS= overshoot 
AC =intra-atrial conduction time dd =dose dependent LA =linoleic acid SM3 = synthesized medium 

for omega-3 group 
ALA = alpha linoleic acid DHA =decosahexaenoic acid MDP= maximum diastolic 

potential 
SM6 = synthesized medium 
for omega-6 group 

ARP =functional refractory period of the 
atrium 

F =frequency N-6 =omega 6 STD = standard chow 

AVC =atrioventricular conductance time I =increased ND =no data SR =sarcoplasmic reticulum 
AVRP =functional refractory period of 
atrioventricular conducting system 

INDO =indomethacin   uM =micromoles 
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Comparison 
Groups Author, 

Year 
 

Model 
[Animal, 

Type, 
Age] 

Ex
po

su
re

 D
ur

at
io

n 

Omega-
3 

Fatty 
Acid 
(n) 

Control 
(n) 

Amount 
of  

Omega-
3 Ex

pe
rim

en
ta

l  
C

on
di

tio
n 

Agent 

Pu
m

p 
A

ct
iv

ity
 

Cy
s.

 C
a2

+  i
nf

lu
x 

Cy
s.

 C
a2

+  e
ffl

ux
 

Cy
s 

Ca
2+

 C
on

te
nt

 

SR
 C

a2
+  C

on
te

nt
 

 S
R 

Ca
2+

 U
pt

ak
e 

SR
 C

a2
+  R

el
ea

se
 

Ex
ch

an
ge

r 

O
th

er
 

RAT 
EPA 
 (6) 

STD  
(6) 

10-15uM Ambient None    NCsys 
NCdia 

     Kang & 
Leaf, 1996 
 

Rat,  
neonatal, 
cardiac  
 

7min 
Free 
 EPA 

 (6) 
STD  
(6) 

10-15uM Ambient LPC    TCaFlu      

EPA (46) STD 
(46) 

10uM Ambient Ca2+ 

 
   D*** 

Bas 
     

EPA (4) STD 
(4) 

5uM Ambient Caff     I*     

Negretti, 
2000 
 

Rat, ND 
ventricular 

ND 
Free 
 

DHA (3) STD 
(3) 

5uM Ambient Caff     I*     

EPA (6) STD (6) 10uM Ambient Ca2+  D* NC DND Bas      O’Neill, 
2002 

Rat, ND 
ventricular 

ND 
Free EPA (12) STD (12) 10uM Ambient Caff   NC       

DHA 
(6) 

STD 
(6) 
 

5uM Ambient None    NC      

DHA 
(6) 

STD 
(6) 
 

5uM Ambient NIT  B*  B*      

DHA 
(6) 

STD 
(6) 
 

5uM Ambient BAY  B*  B*      

Pepe, 1994 Rat, young 
adult,  
cardiac  

4 min 
Free 

DHA 
(6) 

STD 
(6) 
 

5uM Ambient ISO    NC      

Rinaldi, 
2002 

Rat,  
adult,  

  ventricular 

20 min 
vs  
3 d  
Free 

DHA+KCl  
(9) 

DHA+KC
L  
(9) 

10uM Ambient KCl    D * 
mag of I 

     

   DHA 
(9)  

DHA  
(9) 

10uM Ambient KCl    D ** 
mag of I 

     

   DHA 
(9) 

DHA  
(9) 

10uM Anoxia None    D**      

   DHA 
(9) 

DHA 
 (9) 

10uM Anoxia KCl    D**      

   DHA 
(9) 

DHA 
 (9) 

10uM Anoxia ET-1    D**      
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Comparison 
Groups Author, 

Year 
 

Model 
[Animal, 

Type, 
Age] 

Ex
po

su
re

 D
ur

at
io

n 

Omega-
3 

Fatty 
Acid 
(n) 

Control 
(n) 

Amount 
of  

Omega-
3 Ex

pe
rim

en
ta

l  
C

on
di

tio
n 

Agent 

Pu
m

p 
A

ct
iv

ity
 

Cy
s.

 C
a2

+  i
nf

lu
x 

Cy
s.

 C
a2

+  e
ffl

ux
 

Cy
s 

Ca
2+

 C
on

te
nt

 

SR
 C

a2
+  C

on
te

nt
 

 S
R 

Ca
2+

 U
pt

ak
e 

SR
 C

a2
+  R

el
ea

se
 

Ex
ch

an
ge

r 

O
th

er
 

  20 min 
free  

DHA+ 
ET-1 
(9) 

STD 
(9) 

10uM Ambient ET-1    I**      

   DHA 
(9) 

STD 
(9) 

10uM Ambient ET-1    D ** 
mag of I 

     

   DHA (9) STD 
(9) 

10uM Ambient None    NCbas      

   DHA +KCl 
(9) 

STD 
(9) 

10uM Ambient KCl    I***      

   DHA  
(9) 

STD 
(9) 

10uM Ambient KCl    D ** 
mag of I  

     

   DHA+ET-
1 
(9) 

STD 
(9) 

10uM Ambient ET-1    D ** 
mag of I 

     

   DHA 
(9) 

STD 
(9) 

10uM Ambient ET-1    D ** 
mag of I 

     

   DHA 
(9) 

STD 
(9) 

10uM Anoxia None    D ** 
mag of I 

     

   DHA 
(9) 

STD  
(9) 

10uM Anoxia KCl    D**      

   DHA 
(9) 

STD 
 (9) 

10uM Anoxia ET-1    D**      

  3 d 
Free 

DHA (9) STD 
(9) 

10uM Ambient None    NCbas      

   DHA+KCl 
(9) 

STD 
(9) 

10uM Ambient KCl    I***      

   DHA  
(9) 

STD 
(9) 

10uM Ambient KCl    D ** 
mag of I 

     

   DHA 
(9) 

STD 
(9) 

10uM Anoxia None    D**      

   DHA 
(9) 

STD  
(9) 

10uM Anoxia KCl    D**      

   DHA 
(9) 

STD 
 (9) 

10uM Anoxia ET-1    D**      
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Comparison 
Groups Author, 

Year 
 

Model 
[Animal, 

Type, 
Age] 

Ex
po

su
re

 D
ur

at
io

n 

Omega-
3 

Fatty 
Acid 
(n) 

Control 
(n) 

Amount 
of  

Omega-
3 Ex

pe
rim

en
ta

l  
C

on
di

tio
n 

Agent 

Pu
m

p 
A

ct
iv

ity
 

Cy
s.

 C
a2

+  i
nf

lu
x 

Cy
s.

 C
a2

+  e
ffl

ux
 

Cy
s 

Ca
2+

 C
on

te
nt

 

SR
 C

a2
+  C

on
te

nt
 

 S
R 

Ca
2+

 U
pt

ak
e 

SR
 C

a2
+  R

el
ea

se
 

Ex
ch

an
ge

r 

O
th

er
 

Rodrigo, 
1999 

Rat,  
adult,  
SSP 
ventricular 

10 min 
Free 

EPA 
(5) 

STD 
(5) 

5uM Ambient Ca2+       D*   

   EPA 
(5) 

STD 
(5) 

10uM Ambient Ca2+       D*   

Vitelli, 2002 Rat,  
adult,  

  ventricular 

20 min 
Free 

DHA 
(ND) 

STD 
(ND) 

10uM Ambient Ca2+ 
free 
KRB 

   NCbas      

   DHA 
(ND) 

STD 
(ND) 

10uM Ambient CaCl2 

KRB 
   NCbas      

   DHA+ 
DXR 
(ND) 

STD+ 
DXR 
(ND) 

10uM Ambient DXR+ 
Ca2+ 
free 
KRB 

   D**   I*   

   DHA+ 
DXR 
(ND) 

STD 
(ND) 

10uM Ambient DXR+ 
Ca2+ 
free 
KRB 

   NC      

   DHA+ 
DXR 
(ND) 

DHA 
(ND) 

10uM Ambient DXR+ 
Ca2+ 
free 
KRB 

   NC      

   DHA+ 
DXR 
(9) 

STD+ 
DXR 
(9) 

10uM Ambient DXR+ 
CaCl2 
KRB 

   D**   I*   

   DHA+ 
DXR 
(9) 

STD 
(9) 

10uM Ambient DXR+ 
CaCl2 
KRB 

   NC      

   DHA+ 
DXR 
(9) 

DHA 
(9) 

10uM Ambient DXR+ 
CaCl2 
KRB 

   NC      

   DHA 
(9) 

STD 
(9) 

10uM Ambient Caff+ 
CaCl2 
Free 
KRB 

   D**   I*   
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Comparison 
Groups Author, 

Year 
 

Model 
[Animal, 

Type, 
Age] 

Ex
po

su
re

 D
ur

at
io

n 

Omega-
3 

Fatty 
Acid 
(n) 

Control 
(n) 

Amount 
of  

Omega-
3 Ex

pe
rim

en
ta

l  
C

on
di

tio
n 

Agent 

Pu
m

p 
A

ct
iv

ity
 

Cy
s.

 C
a2

+  i
nf

lu
x 

Cy
s.

 C
a2

+  e
ffl

ux
 

Cy
s 

Ca
2+

 C
on

te
nt

 

SR
 C

a2
+  C

on
te

nt
 

 S
R 

Ca
2+

 U
pt

ak
e 

SR
 C

a2
+  R

el
ea

se
 

Ex
ch

an
ge

r 

O
th

er
 

   DHA+ 
DXR 
(9) 

STD 
(9) 

10uM Ambient Caff+C
aCl2 
Free 
KRB 

   NC      

   DHA 
(9) 

STD 
(9) 

10uM Ambient Caff+ 
CaCl2 
KRB 

   D**   I*   

   DHA+ 
DXR 
(9) 

STD 
(9) 

10uM Ambient Caff+C
aCl2 
KRB 

   NC      

EPA  
(ND) 

STD  
(ND) 

1.5uM  Ambient None         D**calcium 

transients 
Xiao, 1997 Rat,  

adult 
ventricular 

ND 
Free 

EPA  
(ND) 

STD  
(ND) 

15uM Ambient None         D**calcium 

transients 
Hallaq, 
1990 

3-5d 
Bound 

EPA  
(8) 

STD 
 (8) 

5uM Ambient None    NC      

 3-5d 
Bound 

EPA  
(3) 

STD 
 (3) 

5uM Ambient OUA 
(1uM) 

   NC      

 3-5d 
Bound 

EPA  
(5) 

STD 
 (5) 

5uM Ambient OUA 
(0.1m

M) 

   D***      

 3-5d 
Bound 

EPA  
(10) 

STD 
 (10) 

5uM Ambient OUA 
(0.1m

M) 

NC 
NaK 

        

 3-5d 
Bound 

EPA  
(11) 

STD 
 (11) 

5uM Ambient BUME NC 
NaK 

        

 

Rat,  
neonatal, 
cardiac  

3-5d 
Bound 

EPA  
(8) 

STD 
 (8) 

5uM Ambient OUA+ 
BUME 

NC 
NaK 

        

 Rat,  
neonatal, 
ventricular 

4d 
Bound 

DHA 
(4-11) 

STD 
(4-11) 

5uM Ambient OUA  B* I 
 

       

  4d 
Bound 

DHA 
(5-14) 

STD 
(5-14) 

5uM Ambient NIT  BND D 
 

       

  4d 
Bound 

DHA+NIT 
(5-14) 

DHA 
(5-14) 

5uM Ambient NIT  NC        

  4d 
Bound 

DHA 
(5-14) 

STD 
(5-14) 

5uM Ambient BAY  BND I        
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Comparison 
Groups Author, 

Year 
 

Model 
[Animal, 

Type, 
Age] 

Ex
po

su
re

 D
ur

at
io

n 

Omega-
3 

Fatty 
Acid 
(n) 

Control 
(n) 

Amount 
of  

Omega-
3 Ex

pe
rim

en
ta

l  
C

on
di

tio
n 

Agent 

Pu
m

p 
A

ct
iv

ity
 

Cy
s.

 C
a2

+  i
nf

lu
x 

Cy
s.

 C
a2

+  e
ffl

ux
 

Cy
s 

Ca
2+

 C
on

te
nt

 

SR
 C

a2
+  C

on
te

nt
 

 S
R 

Ca
2+

 U
pt

ak
e 

SR
 C

a2
+  R

el
ea

se
 

Ex
ch

an
ge

r 

O
th

er
 

  4d 
Bound 

DHA+ 
BAY 
(5-14) 

DHA 
(5-14) 

5uM Ambient BAY  NC        

  4d 
Bound 

DHA 
(5-14) 

STD 
(5-14) 

5uM Ambient OUA + 
NIT 

 BND 
D 

       

  4d 
Bound 

DHA 
+OUA  
+ NIT 
(5-14) 

DHA 
(5-14) 

5uM Ambient OUA + 
NIT 

 NC        

  4d 
Bound 

DHA+Bay
+NIT 
(5-14) 

STD+Bay
+NIT 

5uM Ambient BAY + 
NIT 

 BND 
D 

       

  4d 
Bound 

DHA+Bay
+NIT 
(5-14) 

DHA 
(5-14) 

5uM Ambient BAY + 
NIT 

 NC        

  4d 
Bound 

EPA 
(5-14) 

STD 
(5-14) 

5uM Ambient NIT  BND 
D 
 

       

  4d 
Bound 

EPA+NIT 
(5-14) 

EPA 
(5-14) 

5uM Ambient NIT  NC        

  4d 
Bound 

EPA 
(5-14) 

STD 
(5-14) 

5uM Ambient BAY  BND I        

  4d 
Bound 

EPA+BAY 
(5-14) 

EPA 
(5-14) 

5uM Ambient BAY  NC        

  4d 
Bound 

EPA 
(5-14) 

STD 
(5-14) 

5uM Ambient OUA + 
NIT 

 BND 
D 

       

  4d 
Bound 

EPA 
+OUA + 
NIT 
(5-14) 

EPA 
(5-14) 

5uM Ambient OUA + 
NIT 

 NC        

  4d 
Bound 

EPA+Bay
+NIT 
(5-14) 

STD+Bay
+NiIT 

5uM Ambient BAY + 
NIT 

 BND 
D 

       

  4d 
Bound 

EPA+Bay
+NIT 
(5-14) 

EPA 
(5-14) 

5uM Ambient BAY + 
NIT 

 NC        
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Comparison 
Groups Author, 

Year 
 

Model 
[Animal, 

Type, 
Age] 

Ex
po

su
re

 D
ur

at
io

n 

Omega-
3 

Fatty 
Acid 
(n) 

Control 
(n) 

Amount 
of  

Omega-
3 Ex

pe
rim

en
ta

l  
C

on
di

tio
n 

Agent 

Pu
m

p 
A

ct
iv

ity
 

Cy
s.

 C
a2

+  i
nf

lu
x 

Cy
s.

 C
a2

+  e
ffl

ux
 

Cy
s 

Ca
2+

 C
on

te
nt

 

SR
 C

a2
+  C

on
te

nt
 

 S
R 

Ca
2+

 U
pt

ak
e 

SR
 C

a2
+  R

el
ea

se
 

Ex
ch

an
ge

r 

O
th

er
 

Rodrigo, 
1999 

Guinea pig, 
adult,  
SSP 
ventricular 

10 min 
Free 

EPA 
(5) 

STD 
(5) 

5uM Ambient Ca2+       D*   

DOG 
1.5 sec  
Free 

ALA (9) STD  
(9) 

30uM Ambient Ca2+ 

 
       I*NaCa exchange  Philipson, 

1985 
 
 

Dog, 
adult, 
ventricular  
SR vesicles 

2 min 
Free 

ALA (3) STD  
(3) 

20uM Ambient Pre-
loaded 
Ca2+ 

 

        I* SL pass 

Ca efflux 

1.5 sec  
Free 

ALA (3) STD  
(3) 

60uM Ambient Ca2+ 

 
       I*NaCa exchange  Philipson, 

1987 
 
 

Dog, 
adult,  
ventricular  
SR vesicles 

2 min 
Free 

ALA (4) STD  
(4) 

30uM Ambient Pre-
loaded 
Ca2+ 

 

        I* SL pass 

Ca efflux 

Goel, 2002 
 

Pig, adult 
ventricular 
SR vesicles 

90+/-
30s 
Free 

ALA 
(3-5) 

STD 
(3-5) 

50uM Ambient None        NCNa/H 

exchange 
 

   DHA 
(3-5) 

STD 
(3-4) 

50uM Ambient Na+        D*Na/H 

exchange 
 

   EPA (3-5) STD 
(3-5) 

10uM Ambient None        NCNa/H 

exchange 
 

   EPA (3-5) STD 
(3-5) 

25uM Ambient None 
 

       NCNa/H 

exchange 
 

   EPA 
(3-6) 

STD 
(3-6) 

50uM Ambient None        D*Na/H 

exchaange 
 

NCpass 

NA efflux 

   EPA 
(3-5) 

STD 
(3-5) 

100uM Ambient None        D*Na/H 

exchaange 

 

   DHA (3-5) STD 
(3-5) 

10uM Ambient None        NCNa/H 

exchange 
 

   DHA (3-5) STD 
(3-5) 

25uM Ambient None        D*Na/H 

exchange 
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Comparison 
Groups Author, 

Year 
 

Model 
[Animal, 

Type, 
Age] 

Ex
po

su
re

 D
ur

at
io

n 

Omega-
3 

Fatty 
Acid 
(n) 

Control 
(n) 

Amount 
of  

Omega-
3 Ex

pe
rim

en
ta

l  
C

on
di

tio
n 

Agent 

Pu
m

p 
A

ct
iv

ity
 

Cy
s.

 C
a2

+  i
nf

lu
x 

Cy
s.

 C
a2

+  e
ffl

ux
 

Cy
s 

Ca
2+

 C
on

te
nt

 

SR
 C

a2
+  C

on
te

nt
 

 S
R 

Ca
2+

 U
pt

ak
e 

SR
 C

a2
+  R

el
ea

se
 

Ex
ch

an
ge

r 

O
th

er
 

   DHA 
(3-5) 

STD 
(3-5) 

50uM Ambient None        D*Na/H 

exchange 
 

NCpass 

NA efflux 

   DHA 
(3-5) 

STD 
(3-5) 

100uM Ambient None        D*Na/H 

exchange 
 

Cys= cytopsolic; SR= sarcoplasmic reticulum; D = decrease;  I = increase;  NC = no change;   ND= no data; * = p<0.05   ** = p<0.01;    *** = p<0.001 
 
ALA =alpha linoleic acud Caff =caffeine I =increased ND =no data 
B =blocked D = decrease ISO =isoproteronol NIT =nitrendipine 
Bas =baseline DHA =decosahexaenoic acid KCI =potassium chloride OUA =ouabain 
BAY = Bay K8644 DXR =doxorubicin KRB =Krebs Ringer bicarbonate SL =sarcolemma 
BUME =bumetamide EPA =eicosapentaenoic acid LPC =lysophosphatidylcholine SR =sarcoplasmic reticulum 
 ET-1 =endothelin-1 Na =sodium STD = standard chow 
  Na/K =sodium/potassium  uM =micromoles 

  NC =no change  
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Comparison Groups Author, 
Year 

 

Model 
[Animal, 

Type, 
Age] 

Exposure 
Duration Omega-3 

Fatty Acid 
(n) 

Control 
 (n) 

Amount of  
Omega-3 

 
 

Experi-
mental 

Condition 

Agent INa I to ICa.L  IK IKI IKUR 

MOUSE 
Honore, 
1994 

Mouse, 
neonatal, 
ventricular 

ND 
Free 

DHA  
(9) 

STD  
(9) 

30uM Ambient None      NC D* 

RAT 
EPA 
 (4) 

STD 
 (4) 

5-10uM Ambient None      NC 

EPA 
 (4) 

STD 
 (4) 

20uM Ambient None      D* 

EPA 
 (4) 

STD 
 (4) 

50uM Ambient None  D*   NC D* 

DHA 
(ND) 

STD 
(ND) 

5uM Ambient None  DND 

DND A 
IND delay  
D** t 

    

DHA 
 (ND) 

STD 
 (ND) 

5uM Ambient INDO  DND 

DND A 
IND delay  
D** t 

    

Bogdanov, 
1998 
 

Rat,  
adult 
ventricular 

3-12 min 
Free 

DHA 
 (ND) 

STD 
 (ND) 

50uM Ambient None     NC DND 

ALA  
(6) 

STD  
(6) 

25uM Ambient None 
None 

+ve Ac*** 
-ve InAc** 

     

EPA  
(10) 

STD 
 (10) 

25uM Ambient None +ve Ac*** 
-ve InAc** 

     

Leifert, 1999 Rat,  
adult 
ventricular 

4 min 
Free 

DHA 
 (7) 

STD 
 (7) 

25uM Ambient None DND A 
+ve Ac** 
-ve InAc** 

  
   

Macleod, 
1998 

Rat,  
adult 
ventricular 

5 min 
Free 

EPA  
(6-8) 

STD  
(6-8) 

5,10,20uM  Ambient None DND A dd  DND dd    

   EPA 
(5-8) 

STD 
(5-8) 

0.1-10uM  Ambient None  DND dd     

   EPA 
(ND) 

STD 
(ND) 

2uM Ambient None    DND 
 
 

DND 
 
 

 

   EPA 
(ND) 

STD 
(ND) 

5uM Ambient None    DND 
 
 

DND 
 
 

 

   DHA 
 (6-8) 

STD 
 (6-8) 

5,10,20uM  Ambient None DND A dd      
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Comparison Groups Author, 
Year 

 

Model 
[Animal, 

Type, 
Age] 

Exposure 
Duration Omega-3 

Fatty Acid 
(n) 

Control 
 (n) 

Amount of  
Omega-3 

 
 

Experi-
mental 

Condition 

Agent INa I to ICa.L  IK IKI IKUR 

   DHA 
(5-8) 

STD 
(5-8) 

5,7.5,10uM  Ambient None   DND dd    

   DHA 
(5-8) 

STD 
(5-8) 

0.1-10uM  Ambient None  DND dd     

EPA  
(5) 

STD 
(5) 

10uM Ambient None   D* A    Negretti, 
2000 

Rat,  
adult,  
ventricular 

3 min 
Free 

DHA 
(5) 

STD 
(5) 

10uM Ambient None   D* A    

O’Neill, 
2002 

Rat, ND 
ventricular 

ND 
Free 

EPA  
(6) 

STD 
(6) 

10uM Ambient Ca2+  D***F 
I***A 

    

DHA 
(6/gp) 

STD  
(6/gp) 

5uM Ambient None   NC A    

DHA 
(6/gp) 

STD  
(6/gp) 

5uM Ambient NIT   I* A    

DHA 
(6/gp) 

STD  
(6/gp) 

5uM Ambient BAY 
 

  B* A 

 
   

Pepe, 1994 Rat, adult,  
cardiac  

4 min 
Free 

DHA 
(6/gp) 

STD  
(6/gp) 

5uM Ambient ISO   NC A 
  

 
   

Rodrigo, 
1999 

Rat,  
adult 
ventricular 

10 min 
Free 

EPA 
 (8) 

STD 
 (8) 

5uM Ambient None 
 

  D*** 
   

ALA 
(5) 

STD (5) 10uM Ambient None D*      

EPA 
(6-10) 

STD 
 (6-10) 

5-10uM 
 

Ambient None D* 
NC IVC 
NC Ac  
NC InAc 

    

 

EPA 
(4-10) 

STD  
(4-10) 

10-40uM Ambient None D* dd      

EPA  
(10) 

STD  
(10) 

5-10uM Ambient None D** tdv 
dependent 

     

EPA (21) STD (21) 10uM Ambient None D***      

DHA 
 (7) 

STD (7) 10uM Ambient None D*      

Xiao, 1995 
 

Rat,  
neonatal, 
ventricular 

ND 
Free 

DHA 
(7) 

STD (7) 5uM Ambient None D**      

Xiao, 1997 Rat,  
neonatal, 
ventricular 

ND 
Free 

ALA 
 (5) 
 

STD (5) 5uM Ambient None   D** 
-ve IAC  
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Comparison Groups Author, 
Year 

 

Model 
[Animal, 

Type, 
Age] 

Exposure 
Duration Omega-3 

Fatty Acid 
(n) 

Control 
 (n) 

Amount of  
Omega-3 

 
 

Experi-
mental 

Condition 

Agent INa I to ICa.L  IK IKI IKUR 

  ND 
Free 

EPA (ND) STD (ND) 0.1-40uM  Ambient None   D* dd tdv 
dependent 

   

  ND 
Free 

EPA  
(5) 

STD (5) 5uM Ambient None   D** 
-ve IAC  
 

  
 

  ND 
Free 

DHA 
 (6) 

STD (6) 5uM Ambient None   D** 
-ve IAC  

   

  ND 
Free 

EPA (11) STD (11) 1.5uM  Ambient None   D*  
NC IVC 
-ve Shift 
IAC 

   

  ND 
Free 

EPA  
(5) 

STD  
(5) 

1uM Ambient None   D**    

  ND 
Free 

EPA 
(8) 

STD  
(8) 

5uM Ambient None   D**    

GUINEA PIG 
Ferrier, 
2002 

Guinea pig, 
adult,  
ventricular 

20 min 
Free 

DHAm.e 
(18-24) 

STD 
(18-24) 

10uM Ambient None   I** 

   

EPA 
(8-10) 

STD 
(8-10) 

5,10,20uM  Ambient None DND A dd      

EPA 
(5-8) 

STD 
(5-8) 

2, 5uM Ambient None    DND DND  

EPA 
(5-8) 

STD 
(5-8) 

5,7.5,10uM  Ambient None   DND A dd    

DHA 
(8-10) 

STD 
(8-10) 

5,10,20uM  Ambient None DND A dd      

Macleod, 
1998 

Guinea pig 
adult,  
ventricular 

5 min 
Free 

DHA 
(6-10) 

STD 
(6-10) 

5, 7.5, 10uM Ambient None   DND dd    

Rodrigo, 
1999 

Guinea pig, 
adult,  
ventricular 

10 min 
Free 

EPA  
(11) 

STD  
(11) 

5uM Ambient None   D*** 
   

FERRET 
Xiao, 2002 Ferret,  

adult,  
ventricular 

ND 
Free 

ALA 
(7) 

STD 
(7) 

5uM Ambient None    
D**   

   ALA  
(4-8) 

STD  
(4-8) 

10uM Ambient None  D*  D*** NC  

   EPA 
(6) 

STD 
(6) 

5uM Ambient None    D*   
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Comparison Groups Author, 
Year 

 

Model 
[Animal, 

Type, 
Age] 

Exposure 
Duration Omega-3 

Fatty Acid 
(n) 

Control 
 (n) 

Amount of  
Omega-3 

 
 

Experi-
mental 

Condition 

Agent INa I to ICa.L  IK IKI IKUR 

   EPA 
(4-8) 

STD 
(4-8) 

10uM Ambient None  D**  D*** NC  

   DHA 
 (7-12) 

STD 
 (7-12) 

10uM Ambient None    D*   

   DHA 
 (6) 

STD 
 (6) 

0.2-50uM  Ambient None    D*dd   

   DHA 
 (6-12) 

STD 
 (12) 

5uM Ambient None    D* NC  

   DHA 
(5-8) 

STD 
(5-8) 

10uM Ambient None  D***  D* 
 

NC  

   DHA 
(5) 

STD 
(5) 

10uM Ambient Sta    D*   

   DHA 
(2-6) 

STD 
(2-6) 

20uM Ambient None    D**  NC  

   DHA 
(11) 

STD 
(11) 

50uM Ambient None    D***   

INA= sodium current; ITO= transient K+ outward current or initial outward current; ICA.L= voltage dependent L-type calcium current/inward calcium current/calcium sparks;  
IK=delayed rectifier K+ current; IKl= inward recitifer K+ current or tail current; IKUR= ultra rapid K+ current; D = decrease;  I = increase;  NC = no change;   ND= no data;  
* = p<0.05   ** = p<0.01;    *** = p<0.001 
 
 
A =amplitude DHA =decosahexaenoic acid InAc =inactivation parameter ND =no data 
Ac =activation parameter Dnd  = Ind  = NIT =nitrendipine 
ALA =alpha linoleic acid EPA =eicosapentaenoic acid INDO =indomethacin  Sta =standard 
BAY =Bay K8644 F =frequency ISO =isoproteronol STD = standard chow 
D = decrease I =increased IVC = tdv = 
dd =dose dependent IAC = NC =no change uM =micromoles 
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Author, 
Year 

 

Model 
[Animal, 

Age, 
Type] 

Exposure 
Duration: 

Free or 
Bound 

Omega-
3 

Fatty 
Acid 
(n) 

Con-
trol 
(n) 

Amount 
of 

Omega-
3 

Experi-
mental 

Condition 
Agent Na+ Channel 

Cloned Kv1.5 K+ 
channels 

 

Nitrendipine Binding 
To Putative 

Dihydropyridine 
Sensitive Ca2+ 

Channels 
MOUSE  

DHA 
(5-11) 

STD 
(5-11) 

30uM Ambient None  B* activity   Honore, 
1994 

Mouse, 
neonatal, 
ventricular 

ND 
Free 

ALA 
(ND) 

STD 
(ND) 

ND Ambient None 
 

NC activity   

RAT 
EPA 
(5-10) 

STD 
(5-10) 

5uM Ambient NIT   D* High Affinity Kd 
D** High Affinity Bmax 
D** Low Affinity Kd 
D* Low Affinity Bmax  

Hallaq, 1992 Rat,  
neonatal, 
ventricular 

4 d 
Bound 

DHA 
(5-10) 

STD 
(5-10) 

5uM Ambient NIT   D** High Affinity Kd 
D* High Affinity Bmax 
D** Low Affinity Kd 
D* Low Affinity Bmax 

EPA 
(4) 

STD 
(4) 

20uM Ambient None NC in number   Kang, 1997 Rat, 
neonatal 
cardiac  

2-3 d 
Bound 

EPA 
(4) 

STD 
(4) 

20uM Ambient MEX D* in number 
B*  increase in 
expression   

  

B= Block; STD=Control; D=decrease; d=days; I= Increase; NC=No change; ND=No data; NIT= Nitrendipine;  
MEX= Mexiletine; D = decrease;  I = increase;  NC = no change;   ND= no data; * = p<0.05   ** = p<0.01;    *** = p<0.001 
 
B =blocked DHA =decosahexaenoic acid NC =no change MEX =mexiletine 
Bmax =binding capacity EPA =eicosapantaenoic acid ND =no data uM =micromoles 
D = decrease Kd =affinity NIT =nitrendipine STD =standard 

 
 
 
 



 
Table 3-31. Comparison of IC50 or EC50 Values in Isolated Organ and Cell Culture Studies 

 

137

 

Author, 
year 

 

Model 
[Animal, 
Age, 
Type] 

Exposure 
Duration 

Omega-
3 Fatty 
Acid (n) 

Con-
trol 
(n) 

Experi- 
mental 

Condition 
Agent INa I to 

 
ICa.L  

 
IK 

 
TS 

DHA STD Ambient None 6.0 ± 1.2 µM      
EPA STD Ambient None 16.2 ± 1.3 µM      

Leifert, 
1999 

Rat,  
adult, 
ventricular 

4 mins 
Free 

ALA STD Ambient None 26.6 ± 1.3 µM      
DHA STD Ambient None 12.8 ± 0.8 µM  2.6 ± 0.7 µM  27.9 ± 2.5 µM   63 ± 8.3 µM  Rat,  

adult,  
ventricular 

5 mins 
Free EPA STD Ambient None 7.9 ± 0.6 µM  1.9 ± 0.3 µM  9.4 ± 0.8 µM   51 ± 5.0 µM  

DHA STD Ambient None 15.7 ± 0.9 µM  34.7 ± 2.6 µM    8.5 ± 1.1 µM  

Macleod, 
1998 

Guinea pig, 
adult,  
ventricular 

5 mins 
Free EPA STD Ambient None 8.9 ± 0.5 µM  8.6 ± 1.5 µM   6.7 ± 2.2 µM  

Rat,  
adult,  
ventricular 

ND 
Free 

EPA 
 

STD Ambient None   2.1 µM   Xiao, 
1997 

Rat,  
neonatal, 
ventricular 

ND 
Free 

EPA 
 

STD Ambient None   0.8 µM    

Xiao, 
2002 
 

Ferret,adult,  
ventricular 

3min 
Free 

DHA 
 
 

STD 
 

Ambient None  7.5 µM   20 µM   

D = decrease;  I = increase;  NC = no change;   ND= no data; * = p<0.05   ** = p<0.01;    *** = p<0.001 
 
 EPA = eicosapantaenoic acid STD = standard chow uM =micromoles 
DHA = decosahexaenoic acid ND = no data TS =twitch size  
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Appendix A. 
 

A.1 Primary Search Strategy 
 
1. exp cardiovascular diseases/ 
2. Adhesion molecule expression.mp. 
3. Angiographic progression.mp. 
4. Angioplast$.mp. 
5. (atherogen$ or antiartherogen$).mp. 
6. (arrhythmi$ or Antiarrhythmi$).mp. 
7. Antithrombo$.mp. 
8. endotheli$.mp. 
9. exp endothelium, vascular/ 
10. Beta-thromboglobulin.mp. 
11. Cardi$.mp. 
12. CHD.mp. 
13. Coronary.mp. 
14. Hypotens$.mp. 
15. Hypotriglyceridem$.mp. 
16. heart disease$.mp. 
17. Myocardial infarct$.mp. 
18. Platelet adhesi$.mp. 
19. (postprandial adj (lipemia or lipoprotein$)).mp. 
20. Pulmonary Embol$.mp. 
21. Heart failure$.mp. 
22. Arteriosclerosi$.mp. 
23. cardioprotect$.mp. 
24. Homocystine/ 
25. exp Homocysteine/ 
26. homocyst$.mp. 
27. Cystine/ 
28. cystine.mp. 
29. exp Acute-Phase Proteins/ 
30. acute phase protein$.mp. 
31. Acute-Phase Reaction/ 
32. acute phase react$.mp. 
33. exp Blood Coagulation Factor Inhibitors/ 
34. exp Blood Coagulation Factors/ 
35. blood coagulation factors$.mp. 
36. exp Cell Adhesion Molecules/ 
37. cell adhesion molecule$.mp. 
38. exp Interleukins/ 
39. interleukin$.mp. 
40. Lipid Peroxidation/ 
41. lipid peroxidat$.mp. 
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42. exp Hemostasis/ 
43. hemosta$.mp. 
44. haemosta$.mp. 
45. exp Diagnostic Techniques, Cardiovascular/ 
46. or/1-45 
47. exp fatty acids, omega-3/ 
48. fatty acids, essential/ 
49. Dietary Fats, Unsaturated/ 
50. linolenic acids/ 
51. exp fish oils/ 
52. (n 3 fatty acid$ or omega 3).tw. 
53. docosahexa?noic.tw,hw,rw. 
54. eicosapenta?noic.tw,hw,rw. 
55. alpha linolenic.tw,hw,rw. 
56. (linolenate or cervonic or timnodonic).tw,hw,rw. 
57. menhaden oil$.tw,hw,rw. 
58. (mediterranean adj diet$).tw. 
59. ((flax or flaxseed or flax seed or linseed or rape seed or rapeseed or 
canola or soy or soybean or walnut or mustard seed) adj2 oil$).tw. 
60. (walnut$ or butternut$ or soybean$ or pumpkin seed$).tw. 
61. (fish adj2 oil$).tw. 
62. (cod liver oil$ or marine oil$ or marine fat$).tw. 
63. (salmon or mackerel or herring or tuna or halibut or seal or seaweed or 
anchov$).tw. 
64. (fish consumption or fish intake or (fish adj2 diet$)).tw. 
65. diet$ fatty acid$.tw. 
66. or/47-65 
67. dietary fats/ 
68. (randomized controlled trial or clinical trial or controlled clinical 
trial or evaluation studies or multicenter study).pt. 
69. random$.tw. 
70. exp clinical trials/ or evaluation studies/ 
71. follow-up studies/ or prospective studies/ 
72. or/68-71 
73. 67 and 72 
74. (Ropufa or MaxEPA or Omacor or Efamed or ResQ or Epagis or Almarin or 
Coromega).tw. 
75. (omega 3 or n 3).mp. 
76. (polyunsaturated fat$ or pufa or dha or epa or long chain or longchain 
or lc$).mp. 
77. 75 and 76 
78. 66 or 73 or 74 or 77 
79. 46 and 78 
80. limit 79 to (addresses or bibliography or biography or congresses or 
dictionary or directory or editorial or festschrift or government 
publications or interview or lectures or legal cases or legislation or 



 3 
 
 

letter or news or newspaper article or patient education handout or 
periodical index or review of reported cases) 
81. 79 not 80 
82. limit 81 to human 
83. (guidelines or practice guideline or meta analysis or review or revewi, 
academic or review, tutorial or review literature).pt. 
84. 82 and 83 
85. limit 84 to english language 
86. 84 not 85 
87. (random$ or rct$).tw. 
88. exp randomized controlled trials/ 
89. exp random allocation/ 
90. exp double-blind method/ 
91. exp single-blind method/ 
92. randomized controlled trial.pt. 
93. clinical trial.pt. 
94. (clin$ adj trial$).tw. 
95. ((singl$ or doubl$ or trebl$ or tripl$) adj (blind$ or mask$)).tw. 
96. exp placebos/ 
97. placebo$.tw. 
98. exp comparative study/ 
99. exp clinical trials/ 
100. follow-up studies/ 
101. (follow up or followup).tw. 
102. exp case-control studies/ 
103. (case adj20 control).tw. 
104. exp longitudinal studies/ 
105. longitudinal.tw. 
106. exp cohort studies/ 
107. cohort.tw. 
108. exp prospective studies/ 
109. exp evaluation studies/ 
110. or/87-109 
111. (82 and 110) not 83 
112. limit 111 to english language 
113. 111 not 112 
114. 82 not (111 or 83) 
115. limit 114 to english language 
116. 114 not 115 
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A.2 Diabetes Search Strategy 
 
1. exp fatty acids, omega-3/ 
2. fatty acids, essential/ 
3. Dietary Fats, Unsaturated/ 
4. linolenic acids/ 
5. exp fish oils/ 
6. (n 3 fatty acid$ or omega 3).tw. 
7. docosahexa?noic.tw,hw,rw. 
8. eicosapenta?noic.tw,hw,rw. 
9. alpha linolenic.tw,hw,rw. 
10. (linolenate or cervonic or timnodonic).tw,hw,rw. 
11. (mediterranean adj diet$).tw. 
12. ((flax or flaxseed or flax seed or linseed or rape seed or rapeseed or canola or soy or soybean 
or walnut or mustard seed) adj2 oil$).tw. 
13. (walnut$ or butternut$ or soybean$ or pumpkin seed$).tw. 
14. (fish adj2 oil$).tw. 
15. (cod liver oil$ or marine oil$ or marine fat$).tw. 
16. (salmon or mackerel or herring or tuna or halibut or seal or seaweed or anchov$).tw. 
17. (fish consumption or fish intake or (fish adj2 diet$)).tw. 
18. diet$ fatty acid$.tw. 
19. menhaden oil$.tw,hw,rw. 
20. or/1-19 
21. dietary fats/ 
22. (randomized controlled trial or clinical trial or controlled clinical trial or evaluation studies or 
multicenter study).pt. 
23. random$.tw. 
24. exp clinical trials/ or evaluation studies/ 
25. follow-up studies/ or prospective studies/ 
26. or/22-25 
27. 21 and 26 
28. (Ropufa or MaxEPA or Omacor or Efamed or ResQ or Epagis or Almarin or Coromega).tw. 
29. (omega 3 or n 3).mp. 
30. (polyunsaturated fat$ or pufa or dha or epa or long chain or longchain or lc$).mp. 
31. 29 and 30 
32. or/20,27-28,31 
33. limit 32 to (addresses or bibliography or biography or congresses or dictionary or directory or 
editorial or festschrift or government publications or interview or lectures or legal cases or 
legislation or letter or news or newspaper article or patient education handout or periodical index 
or review of reported cases) 
34. Case Report/ 
35. 32 not (33 or 34) 
36. exp Diabetes Mellitus/ 
37. diabet$.af. 
38. 35 and (36 or 37) 
39. limit 38 to human 
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40. limit 39 to english language 
41. limit 40 to (guideline or meta analysis or review or review, academic or review, multicase or 
review, tutorial or review literature) 
42. 40 not 41 
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A.3 Nut Search Strategy 
 
1. exp Nuts/ 964 
2. exp Cardiovascular Diseases/ 1123117 
3. (nut or nuts).tw.  1762 
4. 1 or 3 2318 
5. 4 and 2 145 
6 limit 5 to (human and english language) 122 
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A.4 Risk Factor Update Search Strategy 
 
1. exp fatty acids, omega-3/ 
2. exp fish oils/ 
3. (n 3 fatty acid$ or omega 3).tw. 
4. docosahexa?noic.tw,hw,rw. 
5. eicosapenta?noic.tw,hw,rw. 
6. alpha linolenic.tw,hw,rw. 
7. (linolenate or cervonic or timnodonic).tw,hw,rw. 
8. (fish adj2 oil$).tw. 
9. or/1-8 
10. limit 9 to human 
11. limit 10 to english language 
12. exp "Lipoprotein(a)"/ 
13. c-reactive protein.mp. 
14. insulin.mp. 
15. exp Factor VIII/ 
16. exp von Willebrand Factor/ 
17. heart rate variab$.mp. 
18. ankle brachial index.mp. 
19. ankle-arm blood pressure index.mp. 
20. exp Hemoglobin A, Glycosylated/ 
21. glycohemoglobin hgb a1c.mp. 
22. hgb a1c.mp. 
23. exp Apolipoproteins B/ 
24. apolipoprotein b-100.tw. 
25. intima media thickness.mp. 
26. carotid doppler.mp. 
27. exp Heart Function Tests/ 
28. exp PLETHYSMOGRAPHY/ 
29. exp Ultrasonography, Doppler/ 
30. glycated hemoglobin.mp. 
31. or/12-30 
32. 11 and 31 



Appendix B 
Whole Animal Result Form 

 
Animal Characteristic 

Subjects and Controls 

(Give brief descriptions for each groups. Control group is the group with No intervention 
or Placebo; or the group with lowest amount of N-3 intakes) 

Initial number of animals used:     ND  

Number of groups used:     ND  

Control group:   

Tx Arm 1:   

Tx Arm 2:   

Tx Arm 3:   

Tx Arm 4:   

Comments on Subjects and Controls and/or Study Designs 

  
Animals' Diets 

Diet composition of the reference diet: 

Total fat:     ND  

Saturated fatty acids (SFA):     ND  

Monounsaturated fatty acids (MUFA):     ND  

Polyunsaturated fatty acids (PUFA):     ND  

ALA (18:3n-3):     ND  

EPA (20:5n-3):     ND  

DPA (22:5n-3):     ND  

DHA (22:6n-3):     ND  

Only EPA+DHA:     ND  

Other n-3 FA reporting:     ND  

Comments on Animals' Reference/Baseline Diets: 

  
 



 
Control Group Characteristics 

Control Group 

Control (No intervention or Placebo) -- Number enrolled:     ND  

Mean Age:     ND  

+/- SD/SE:     ND  

Age Range:      to      ND  

Sex of control animals?   ND  

 Only males    

 Only Females    

 Males and Females (give numbers of % distribution)    

Control's mean/median age?     ND  

Are ages different between groups?   ND  

 No    

 Yes (give brief description)    

Is sex different between groups?   ND  

 No    

 Yes (give brief description)    

Are body weight different between groups?   ND  

 No    

 Yes (give brief description)    

Is control group's diet same as reference diet?   ND  

 Yes    

 No    

If controls' diet is NOT reference diet, what is the composition of controls' diet? 

Total fat:     ND  

Saturated fatty acids (SFA):     ND  

Monounsaturated fatty acids (MUFA):     ND  

Polyunsaturated fatty acids (PUFA):     ND  

ALA (18:3n-3):     ND  

EPA (20:5n-3):     ND  

DPA (22:5n-3):     ND  



DHA (22:6n-3):     ND  

Only EPA+DHA:     ND  

Other n-3 FA reporting:     ND  
Comments on Control Animals' Diets: 

  
 



 
Tx Arm No. 

DUPLICATE THIS SECTION FOR EACH TREATMENT ARM  
Do Not Use The Template (titled Tx Arm No.) to Enter Data. 

Name each new section by an appropriate Brief Description (eg, Fish Oil, O3 Diet) 
Number each new section's Section ID Tx Arm number from the ANIMAL 
CHARACTERISTICS section 

Treatment Arm #:   

Number of animals in Tx Arm #:   
 
Tx Arm's Diets 

Diet composition of the Tx Arm's diet: 

Total fat:     ND  

Saturated fatty acids (SFA):     ND  

Monounsaturated fatty acids (MUFA):     ND  

Polyunsaturated fatty acids (PUFA):     ND  

ALA (18:3n-3):     ND  

EPA (20:5n-3):     ND  

DPA (22:5n-3):     ND  

DHA (22:6n-3):     ND  

Only EPA+DHA:     ND  

Other n-3 FA reporting:     ND   
Tx Arm's Outcomes 

Check ND if no outcome reported for this Tx Arm. DO NOT skip any outcome. 
Tx Arm # vs. Controls 

Effect observed for Outcome 1:     ND  

Number of animals:     ND  

% of change:     ND  

     ND  

Effect observed for Outcome 2:     ND  

Number of animals:     ND  

% of change:     ND  

     ND  

Effect observed for Outcome 3:     ND  

Number of animals:     ND  



% of change:     ND  

     ND  

Effect observed for Outcome 4:     ND  

Number of animals:     ND  

% of change:     ND  

     ND  

Effect observed for Outcome 5:     ND  

Number of animals:     ND  

% of change:     ND  

     ND  

Effect observed for Outcome 6:     ND  

Number of animals:     ND  

% of change:     ND  

     ND  

Other outcomes or comments for outcomes (Tx Arm # vs. Controls): 

  
 



 
Other Comparisons of Outcomes 

DUPLICATE THIS SECTION FOR EACH COMPARISONS OTHER THAN 
COMPARING TO CONTROLS 
Do Not Use The Template (titled Tx Arm 1 vs. 2) to Enter Data. 

Comparison groups:    
Check ND if no outcome reported for this Tx Arm. DO NOT skip any outcome. 

Effect observed for Outcome 1:     ND  

Number of animals:     ND  

% of change:     ND  

     ND  

Effect observed for Outcome 2:     ND  

Number of animals:     ND  

% of change:     ND  

     ND  

Effect observed for Outcome 3:     ND  

Number of animals:     ND  

% of change:     ND  

     ND  

Effect observed for Outcome 4:     ND  

Number of animals:     ND  

% of change:     ND  

     ND  

Effect observed for Outcome 5:     ND  

Number of animals:     ND  

% of change:     ND  

     ND  

Effect observed for Outcome 6:     ND  

Number of animals:     ND  

% of change:     ND  

     ND  

 
 
 



Other outcomes or comments for outcomes: 
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Evidence Table 1: Whole Animal Studies 
Part 1 

See abbreviations in List of Acronyms, Abbreviations, and Parameters 8 

Dietary Characteristics 
% of Total Fatty Acids  Author, yr 

Study 
Characteristics  

Animal 
Model 

Exposure 
Duration 

Ref. Diet 
Groups  Total Fat 

ALA E+D n-6 SFA MUFA 
Other 

Abeywarde
na, 1995 

Country: 
Australia 

Animal: Wistar 
rats 

Funding: Industry 

Mean age: 
ND 

Age grp:  
ND 

Sex: Males 

9 months Standard rat 
chow 
(Milling 
Industries, 
Adelaide, 
Australia) 

SSO 
 
SBO 
 
FO 
(MaxEPA) 

15* %w/w 
or 32* 
%kcal 

0.9 
 
2.8 
 
1.4 

0 
 
0 
 
22 

59* 
 
44* 
 
7* 

13* 
 
21* 
 
28* 

22* 
 
25* 
 
15* 

 

al 
Makdessi, 
1995 

Country: 
Germany 

Anima l: Wistar 
rats 

Funding: ND 

Mean age:  
ND 

Age grp: 
Young 

Sex: Males  

10 weeks Low-fat 
(<1% w/w) 
standard 
chow from 
(Altromin 
GmbH & 
Co.) 

FO (sardine 
oil) 
 
Coconut oil 

10% w/w 1. 3 
 
 
0.9 

29 
 
 
0 

ND 
 
 
ND 

31* 
 
 
>60* 

ND 
 
 
ND 

 

Anderson, 
1996 

Country: 
Australia 

Animal: Sprague-
Dawley rats 

Funding: 
Government 

Mean age:  
ND 

Age grp:  
Adult 

Sex: Males 

8 weeks Total fat: 
3.5% 

FO 
(MaxEPA) 
 
Safflower 
oil 

Initially 
given at 0.6 
ml and + 
0.1 ml/wk 
up to 1.0 ml 
w/ 
increasing 
body weight 

ND 
 
 
0 

ND 
 
 
0 

0 
 
 
75 

10 
 
 
25 

28 
 
 
15 

Total n3 
= 41% 

Billman, 
1994 

Country: US 
Animal: Mongrel 

dogs 
Funding: 

Government 

Mean age: 
ND 

Age grp: 
ND 

Sex: ND 

Infusion 
study 

ND Saline (n=3) 
or I.V. 
infusion 
(n=5) 
 
Emulsion of 
fish oil 

100 ml of 
Intralipid, a 
10% lipid 
emulsion 
 
10 ml FO 
concentrate 
(n=4) 
5 ml same 
FO 
concentrate 
+ 5 ml TG 
concentrate 
(n=4) 

7 
 
 
 
 
ND 
 
 
 
 
 
ND 

0 
 
 
 
 
70 
 
 
 
 
 
65 

ND 
 
 
 
 
ND 
 
 
 
 
 
ND 

ND 
 
 
 
 
ND 
 
 
 
 
 
ND 

ND 
 
 
 
 
ND 
 
 
 
 
 
ND 
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Dietary Characteristics 
% of Total Fatty Acids  Author, yr 

Study 
Characteristics  

Animal 
Model 

Exposure 
Duration 

Ref. Diet 
Groups  Total Fat 

ALA E+D n-6 SFA MUFA 
Other 

Billman, 
1999 

Country: US 
Animal: Mongrel 

dogs 
Funding: 

Government 

Mean age:  
ND 

Age grp:  
ND 

Sex: ND 
 

Infusion 
study 

ND SBO lipid 
emulsion 
(n=7) or 
saline (n=7) 
 
EPA 
 
DHA 
 
ALA 

ND 7~8 in 
SBO 
 
 
 
0 
 
0 
 
>99 

0 
 
 
 
 
E=98 
D=1 
E=1 
D=91 
0 

ND 
 
 
 
 
ND 
 
ND 

ND 
 
 
 
 
ND 
 
ND 

ND 
 
 
 
 
ND 
 
ND 

 

Charnock, 
1992 

Country: 
Australia 

Animal: Wistar 
rats 

Funding: ND 
  

Mean age:  
> 3 years 
old  

Age grp: 
Adult 

Sex: ND 

30 months ND SSO  
 
FO 

12* %w/w 
or 28 %kcal 

1.1 
 
1.4 

0 
 
20 

ND 
 
ND 

23* 
 
29* 

23* 
 
26* 

N3/n6 = 
0.02 
= 2.0 

Charnock, 
1991 

Country: 
Australia 

Animal: Wistar 
rats 

Funding: ND 
  

Mean age:  
near 1 yr 
old 

Age grp: 
Adult 

Sex: males 

12 months NDMilling 
Industries 
Australia. 
Total fat: 3 
%w/w 

SF/SSO  
 
 
 
SF/FO 

16* %w/w 
or 35 %kcal 

ND 
 
 
 
ND 

ND 
 
 
 
ND 

19 
 
 
 
12 

45 
 
 
 
41 

29 
 
 
 
29 

TT n-3 
=1.1 
TT n6 
=19 
TT n-3 
=13 
TT n6 
=12 

Chen, 1994 Country: Taiwan 
Animal: rabbits 
Funding: 

Government 

Mean age: 
ND 

Age grp: 
ND 

Sex: Males 
 

2 weeks. Standard 
rabbit chow 
(Purina 
5321, St. 
Louis, MO, 
USA) 

HC (1% 
CHOL-
enriched 
diet) 
 
HCF (1% 
CHOL and 
10% FO) 

40 %kcal 
(1% chol) 
 
 
 
40% energy 
(1% chol 
+10% fish 
oil) 

ND 
 
 
 
 
ND 

ND 
 
 
 
 
52 

ND 
 
 
 
 
ND 

ND 
 
 
 
 
ND 

ND 
 
 
 
 
ND 
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Dietary Characteristics 
% of Total Fatty Acids  Author, yr 

Study 
Characteristics  

Animal 
Model 

Exposure 
Duration 

Ref. Diet 
Groups  Total Fat 

ALA E+D n-6 SFA MUFA 
Other 

Culp, 1980 Country: US 
Animal: Mongrel 

dogs 
Funding: 

Government  

Mean age: 
ND 

Age grp: 
ND 

Sex: ND 

36 to 45 
days 

Standard 
dog chow 
(Friskies 
Dinner) 

Standard 
dog chow 
 
FO 
(Menhaden) 

ND 
 
 
+25 %kcal 

ND 
 
 
ND 

0. 1 
 
 
13 

ND 
 
 
ND 

32 
 
 
32 

34 
 
 
20 

 

Germain, 
2003 

Country: France 
Animal: Sprague-

Dawley rats 
Funding: 

Government 

Mean age:  
ND 

Age grp:  
ND 

Sex: 
Females 

>= 3 
weeks 

APAE, Jouy 
en Josas, 
France. 

Palm oil 
 
 
DHASCO 
(DHA fom 
purified 
TGs) 

+15% of 
total fat 

ND 
 
 
ND 

ND 
 
 
ND 

ND 
 
 
ND 

high 
MUFA 
level 
ND 

ND 
 
 
ND 

 

Hartog JM 
1987 

Country: 
Netherlands 

Animal: 
Yorkshire 
piglets 

Funding: Dutch 
Heart 
Foundation 

Mean age: 5 
weeks 

Age grp:  
Unclear 

Sex: ND 

16 weeks 
 

ND Lard fat 
(9% w/w) 
 
ML (4.5% 
mackerel oil 
+ 4.5% lard 
fat) 

ND 1 
 
 
1 

0 
 
 
13 

ND 
 
 
ND 

36 
 
 
32 

ND 
 
 
ND 

 

Hock, 1990 Country: US 
Animal: Sprague-

Dawley rats 
Funding: 

Government 

Mean age: 
ND 

Age grp: 
Weanling 

Sex: ND 

4 weeks Fat-free 
purified diet 

CO (corn 
oil) 
 
MO 
(Menhaden 
oil) 

12 %kcal or 
5 %w/w 

1 
 
 
2 

0 
 
 
20 

59 
 
 
5 

14* 
 
 
33* 

25* 
 
 
27* 

n3/n6= 
0.02 
 
=6.06 

Hock, 1987 Country: US 
Animal: Sprague-

Dawley rats 
Funding: 

Government 

Mean age: 
ND 

Age grp: 
Adult 

Sex: Males 
 

4 weeks 
 

Fat-free 
purified diet 

CO (corn 
oil) 
 
MO 
(Menhaden 
oil) 

12 %kcal or 
5 %w/w 

1 
 
 
2 

0 
 
 
21 

59 
 
 
4 

14* 
 
 
31* 

25* 
 
 
27* 

n3/n6= 
0.02 
 
=7.99 
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Dietary Characteristics 
% of Total Fatty Acids  Author, yr 

Study 
Characteristics  

Animal 
Model 

Exposure 
Duration 

Ref. Diet 
Groups  Total Fat 

ALA E+D n-6 SFA MUFA 
Other 

Isensee H 
1994 

Country: 
Germany 

Animal: Wistar 
rats 

Design: A 
Funding: Alfred 

Teufel-Stiftung 
research 
foundation  

Mean age: 2 
months 

Age grp: 
Young 

Sex: Males 

10 weeks Low-fat (<1 
%w/w ) 
basic diet 
(Altromin 
GmbH, 
Lage, 
Germany) 

CO 
 
LO 
(Linseed 
oil) 
 
FO 

10 %w/w 1 
 
52 
 
 
 
0.3 

0 
 
0 
 
 
 
29 

50 
 
20 
 
 
 
12 

16 
 
9 
 
 
 
31 

31 
 
16 
 
 
 
26 

 

Kinoshita, 
1994 

Country: Japan 
Animal: Mongrel 

dogs 
Diseased: 
Funding: ND 

Mean age: 
ND 

Age grp: 
Adult  

Sex: ND 

8 weeks Standard 
diet 
(Oriental 
Yeast Co.) 

Standard 
diet 
 
EPA ester 

ND 
 
 
Mochida 
Pharmaceuti
cal Co 

ND 
 
 
ND 

ND 
 
 
100 
mg/k
g 
BW/d 

ND 
 
 
ND 

ND 
 
 
ND 

ND 
 
 
ND 

 

Lo, 1991 Country: Taiwan 
Animal: Mongrel 

dogs 
Funding: ND 
  

Mean age: 
ND 

Age grp: 
ND 

Sex: 
MixSex : 
"either 
sex"  

Infusion 
study 

Same dogs 
were 
infused 
control 
buffer or 
different 
dosages of 
ALA. 

Control 
buffer 
 
ALA 
infusion 

ND ND 
 
 
1, 5, 
10, 20, 
30, or 
60 
mg/kg 

ND 
 
 
ND 

ND 
 
 
ND 

ND 
 
 
ND 

ND 
 
 
ND 

 

McLennan,
1996 

Country: 
Australia, 
Switzerland 

Animal: 
spontaneously 
hypertensive 
Wistar rats  

Funding: ND  

Mean age: 
ND 

Age grp: 
ND 

Sex: Males 

5 weeks ND Olive oil 
 
 
EPA 
 
DHA 
 
EPA+DHA 

5% w/w 
from olive 
oil 
0.5% from n-
3; 4.5% from 
olive oil 

ND 
 
ND 
 
ND 
 
 
ND 

ND 
 
E:0.5 
w/w 
D:0.5 
w/w 
 
ND 

ND 
 
ND 
 
ND 
 
 
ND 

ND 
 
ND 
 
ND 
 
 
ND 

ND 
 
ND 
 
ND 
 
 
ND 
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Dietary Characteristics 
% of Total Fatty Acids  Author, yr 

Study 
Characteristics  

Animal 
Model 

Exposure 
Duration 

Ref. Diet 
Groups  Total Fat 

ALA E+D n-6 SFA MUFA 
Other 

McLennan,
1995 

Country: 
Australia 

Animal: Sprague-
Dawley rats 

Funding: ND  

Mean age: 
12 weeks 

Age grp:  
Adult 

Sex: Males 

12 weeks Nonpurified 
lab rat diet. 
Total fat = 
4% w/w 

CAN 
 
SBO 
 
SSO 

15 %w/w 
or 32 %kcal 
 

8 
 
7 
 
5 

0 
 
0 
 
0 

21 
 
52 
 
64 
 

12 
 
19 
 
12 

60 
 
22 
 
23 

N3/n6 = 
0.37 
= 0.14 
 
=0.008 

McLennan, 
Bridle, 
1993 

Country: 
Australia 

Animal: 
Marmoset 
monkeys 

Funding: 
Government 

Mean age: 
ND 

Age grp:  
Old 

Sex: 50% 
Males 

16 weeks Low-fat 
marmoset 
diet (Milling 
Industries, 
Adelaide, 
Australia) 
Total fat = 
6% w/w 

SF/SSO 
(8% sheep 
perirenal fat 
+ 2% SSO) 
 
SF/FO (7% 
SF + 3% 
FO) 

16 %w/w 0.8 
 
 
 
 
 
0.8 

1 
 
 
 
 
 
11 

20 
 
 
 
 
 
10 

48 
 
 
 
 
 
47 

ND 
 
 
 
 
 
ND 

N3/n6 = 
0.12 
 
 
 
 
=1.25 

McLennan,
1993 

Country: 
Australia 

Animal: Sprague-
Dawley rats 

Funding: 
International 
Olive Oil 
Council  

Mean age: 
30 weeks 

Age grp: 
Old 

Sex: ND 
 

12 weeks Basic 
laboratory 
diet (Milling 
Industries, 
Adelaide, 
Australia) 
Total fat = 
4% w/w 

SSO 
 
 
 
 
FO 

15 %w/w 
or 32 %kcal 

ND 
 
 
 
 
ND 

ND 
 
 
 
 
ND 

56 
 
 
 
 
8 

15 
 
 
 
 
40 

25 
 
 
 
 
25 

Total n3 
= 4% 
 
 
 
=17% 

McLennan,
1992 

Country: 
Australia 

Animal: 
Marmoset 
monkeys 

Funding: ND  

Mean age: 2 
years 

Age grp: 
Unclear 

Sex: 
breeding 
pairs 

30 months Total fat: 4 
%w/w 
SFA: 37.3% 
MUFA: ND 
PUFA: 
18.3% 

SSO 
 
TFO (tuna 
fish oil) 

12 %w/w 
or 29 %kcal 

ND 
 
ND 

ND 
 
ND 

54 
 
11 

23 
 
29 

ND 
 
ND 

ND 
 
Total n3 
= 23% 

McLennan, 
1990 

Country: 
Australia 

Animal: Sprague-
Dawley rats 

Funding: 
Government  

Mean age: 2 
months 

Age grp: 
Adult 

Sex: Males 

18 months Standard lab 
rat diet. 
Total fat = 
4% w/w 

SF+SSO 
 
SF+TFO 

16 %w/w 
or 35 %kcal 

0 
 
ND 

0 
 
23 

58 
 
9 

16 
 
31 

ND 
 
ND 
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Dietary Characteristics 
% of Total Fatty Acids  Author, yr 

Study 
Characteristics  

Animal 
Model 

Exposure 
Duration 

Ref. Diet 
Groups  Total Fat 

ALA E+D n-6 SFA MUFA 
Other 

McLennan,  
1988 

Country: 
Australia 

Animal: Wistar 
rats 

Funding: 
Government 

Mean age: 
"age-
matched" 

Age grp: 
Unclear 

Sex: Males 

12 months Standard lab 
rat diet. 
Total fat = 
4% w/w 

SSO 
 
TFO 

16 %w/w 
or 35 %kcal 

ND 
 
ND 

0 
 
23 

58 
 
9 

ND 
 
ND 

ND 
 
ND 

 

Oskarsson, 
1993 

Country: US 
Animal: Mongrel 

dogs 
Funding: ND  

Mean age: 
ND 

Age grp: 
ND 

Sex: “Mixed 
Sex”  

6 weeks ND No fish oil 
Rx 
 
MaxEPA 

ND 
 
 
 

ND 
 
 
ND 

ND 
 
 
0.1 
g/kg/
d 

ND 
 
 
ND 

ND 
 
 
ND 

ND 
 
 
ND 

 

Otsuji, 
1993 

Country: Japan 
Animal: Mongrel 

dogs 
Funding: ND  

Mean age: 
ND 

Age grp: 
Adult  

Sex: 
MixSex : 
No data 
on the 
distributio
n 

8 weeks Standard 
diet 
prepared by 
Oriental 
Yeast Co. 

Standard 
dog chow 
 
EPA ester 

30 g/kg BW 
/day 
 
100 mg/kg 
BW/day 

ND 
 
 
ND 

ND 
 
 
ND 

ND 
 
 
ND 

ND 
 
 
ND 

ND 
 
 
ND 

 

Pepe, 1996 Country: 
Australia 

Animal: Wistar 
rats 

Funding: ND 

Mean age: 
16 weeks 

Age grp: 
Young 

Sex: Males 

16 weeks Nonpurified 
diet fed to 
all rats 
(Milling 
Industries, 
Adelaide, 
Australia). 
Total fat = 
7.6% 

SAT (sheep 
perirenal 
fat) 
 
FO 

15.3% w/w 1. 5 
 
 
 
1.2 

1 
 
 
 
36 

8 
 
 
 
8 

55 
 
 
 
25 

ND 
 
 
 
ND 
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Dietary Characteristics 
% of Total Fatty Acids  Author, yr 

Study 
Characteristics  

Animal 
Model 

Exposure 
Duration 

Ref. Diet 
Groups  Total Fat 

ALA E+D n-6 SFA MUFA 
Other 

Yang, 1993 Country: US 
Animal: Sprague-

Dawley rats 
Funding: 

Government  

Mean age: 
ND 

Age grp: 
ND 

 Sex: Males 
 

5 days Standard rat 
nonpurified 
diet (Purina 
Mills, St. 
Louis, MO) 
Total fat = 5 
%kcal 

Butter 
 
FO (fish oil 
rich pellets) 

17 %kcal ND 
 
ND 

ND 
 
32 

ND 
 
23 

ND 
 
25 

ND 
 
15 

 

* estimated values, not reported in original paper 
 
 

Types of study design: 
A = N-3 PUFAs vs. n-6 PUFAs 
B = N-3 PUFAs vs. MUFAs 
C = N-3 PUFAs vs. SFAs 
D = N-3 PUFAs vs. Standard chows 
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Author, yr  Outcomes Experimental 
Protocols 

Results Comment/ Biases/ 
Limitations 

Abeywarde
na, 1995 

VPB 
VT (%) 
VF (%) 
AS 
Deaths 

Myocardial ischemia 
and reperfusion 
model. 

5-min regional 
myocardial ischemia. 
Arrhythmias induced 
by reperfusion were 
assessed during a 10-
min period after 
releasing the 
occlusion and 
restoring blood flow. 

VPB/10 min 
[SBO vs. SSO] n=18 vs. 18, p>0.05 Increased +176% Estimated 
[FO vs. SSO] n= 18 vs. 18, p>0.05 Decrease -13% Estimated 
[FO vs. SBO] n= 18 vs. 18, Decrease -68% Estimated 

VT (%) during reperfusion 
[SBO vs. SSO] n=18 vs. 18, Increased 76%/39% Reported 
[FO vs. SSO] n=18 vs. 18, Decrease 22%/39% Reported 

VF (%) during reperfusion 
[SBO vs. SSO ]n= 18 vs. 18, Increased 23%/11% Reported 
[FO vs. SSO] n= 18 vs. 18, Decrease 5%/11% Estimated 

AS (severity of arrhythmia) during reperfusion 
[SBO vs. SSO] n= 18 vs. 18, p<0.05 Increase (sig.), +107% Estimated 
[FO vs. SSO] n= 18 vs. 18, p>0.05 Decrease, -40% Estimated 
[FO vs. SBO] n= 18 vs. 18, Decrease -71% Estimated 

Total Deaths 
[SBO vs. SSO] n= 18 vs. 18, No change 2/18 vs. 1/18 Reported 
[FO vs. SSO] n= 18 vs. 18, Decrease 0/18 vs. 1/18 Reported 

VT (%) during ischemia 
[SBO vs. SSO] n=: 18 vs. 18, No change 44%/39% Reported 
[FO vs. SSO] n=: 18 vs. 18, Decrease 6%/39% Reported 

 

Sex diff? No 
Age diff? ND 
BW diff? No 
No statistics were 

performed for FO vs. SBO 
comparison in the original 
study 

al 
Makdessi, 
1995 

AR (%) 
SIZ (%) 

Arrhythima (AR) was 
defined as salves of 
extrasystoles and/or 
ventricular flutter and 
fibrillation. 

The preconditioning = 
in situ by means of 2 
cycles of 3 min left 
anterior descending 
coronary artery 
occlusion - 10 min 
reperfusion. 

[FO vs. HCO] (results in figure) 
AR (%): n= 8 vs. 5, Decrease 
AR (%) w/ precondition: n= 8 vs. 6, No change 
SIZ (%): n= 8 vs. 5, No change 
SIZ (%) w/ precondition: n= 8 vs. 6, No change 

 

Sex diff? No 
Age diff? No 
BW diff? ND 
No statistics were done for 

FO vs. HCO comparisons 
in the original study. 
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Author, yr  Outcomes Experimental 
Protocols 

Results Comment/ Biases/ 
Limitations 

Anderson, 
1996 

VPB 
VT (%) 
VF (%) 
AS 

Myocardial ischemia 
and reperfusion 
model. 

20-min regional 
myocardial ischemia. 
Arrhythmias induced 
by reperfusion were 
assessed during 
reperfusion. 

Hearts that experienced instability (VPB, VT, and/or VF) during the 
equilibration period or sustained VT and/or VF during the last 30 s of the 
occlusion period were excluded from analysis of reperfusion-induced 
arrhythmias. 

[FO vs. SO in reperfusion] 
VPB: n= 8 vs. 6, p>0.05 No change –31% Estimated 
VT (%): n= 8 vs. 6, p>0.05, 38%/50% Reported 
VF (%): n= 8 vs. 6, p>0.05, 13%/33% Reported 
AS: n= 8 vs. 6, p>0.05 Decrease, -54% Estimated 

Sex diff? No 
Age diff? ND 
BW diff? ND 
Sustained VT and/or VF 

were excluded from the 
analyses. 

Billman, 
1994 

VF (%) Exercise-plus-ischemia 
(2-min occlusion) 
test. 

VF was induced in one 
additional animal by 
the combination of 
cocain (1.0 mg/kg 
i.v.) and the exercise-
plus-ischemia test. 

Ctrl: saline or I.V. infusion 
VF (%) 

Ventricular flutter (which degenerates to VF) was reproducibly induced 
with each presentation of the control (both saline and Intralipid infusions) 
exercise-plus-ischemia tests. The cocaine exercise-plus-ischemia test 
induced a similar response. Data for all animals that developed VF have 
therefore been combined. 
[FO infusion vs. Ctrl] n= 8 vs. 8, p<0.005 Decrease (sig.) 12.5%/100% (4 
ctrl animals developed VF shortly after the treadmill stopped, whereas 4 
animals developed malignant arrhythmias while running) Reported. 

Sex diff? ND 
Age diff? ND 
BW diff? ND 

Billman, 
1999 

VF (%) Exercise-plus-ischemia 
(2-min occlusion) 
test. 

Ctrl: Soybean oil lipid emulsion (containing 7%~8% ALA) 
VF (%). 

[EPA infusion vs. Ctrl] n= 7 vs. 7, p=0.0105 Decrease (sig.), 2/7 vs. 7/7 
Reported 
[DHA infusion vs. Ctrl] n= 8 vs. 7, p=0.0035 Decrease (sig.), 2/8 vs. 7/7 
Reported 
[ALA infusion vs. Ctrl] n= 8 vs. 7, p=0.0035 Decrease (sig.), 2/8 vs. 7/7 
Reported 

Sex diff? ND 
Age diff? ND 
BW diff? ND 
 

Charnock, 
1992 

VFT 
Sustaned 
VF (%) 

Arrhythmias were 
induced by electrical 
stimulation protocol 
in normoxic and 
ischemic hearts. 

 

VFT 
[FO vs. SSO in normoxic)] n=ND, No change 
[FO vs. SSO in ischemia)] n=ND, No change 

Sustained VF (%) 
[FO vs. SSO in normoxic)] n=ND, Decrease 8%/13% Reported 
[FO vs. SSO in ischemia)] n=ND, Decrease 0%/13% Reported 

Sex diff? ND 
Age diff? ND 
BW diff? ND 
The procedures for induced-

arrhythmias were not 
reported in the study, but 
presumably same as 
McLennan, 1992 & 
McLennan, Bridle, 1993. 
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Author, yr  Outcomes Experimental 
Protocols 

Results Comment/ Biases/ 
Limitations 

Charnock, 
1991 

VT (%) 
VF (%) 
VPB/15 
min 
AS 

15-min ischemia model [SF/FO vs. SSO] 
VT (%) in ischemia: n=10 vs. 10, p>0.05 No Change 70%/100% Reported 
VF (%) in ischemia: n=10 vs. 10, p<0.05 Decreased (sig.) 0%/60% 
Reported 
VPB/15 min in ischemia: n=10 vs. 10, p<0.05 Decreased (sig.) –72% 
Estimated 
AS in ischemia: n=10 vs. 10, p<0.05 Decreased (sig.) –59% Estimated 

Sex diff? No 
Age diff? No 
BW diff? No 
 

Chen, 1994 VPB 
Deaths 

In the short-term 
ischemia study, the 
ligation was 
maintained for 10 
min in each rabbit 
and was followed by 
a reperfusion for 1 hr. 

In the long-term 
ischemia study, the 
ligation was 
maintained for 1 hr in 
each rabbit and was 
followed by a 
reperfusion for 4 hr. 

VT/VF Deaths (%) during ischemia 
[HCF vs. HC (short term study)] n= 12 vs. 14, p>0.05 Decrease 8%/21% 
Reported 
[HCF vs. HC (long term study)] n= 14 vs. 15, p>0.05 No change 
21%/27% Reported 

VPB (%) during ischemia 
[HCF vs. HC (short term study)] n= 11 vs. 11, p>0.05 Decrease 18%/36% 
Reported 
[HCF vs. HC (long term study)] n= 11 vs. 11, p>0.05 No change 
36%/55% Reported 

VT/VF Deaths (%) during reperfusion 
[HCF vs. HC (short term study)] n= 11 vs. 11, p>0.05 No change 0%/0% 
Reported 
[HCF vs. HC (long term study)] n= 11 vs. 11, p>0.05 No change 0%/0% 
Reported 

VPB (%) during reperfusion 
[HCF vs. HC (short term study)] n= 11 vs. 11, p>0.05 No change 
18%/18% Reported 
[HCF vs. HC (long term study)] n= 11 vs. 11, p>0.05 No change 
27%/36% Reported   

Sex diff? No 
Age diff? ND 
BW diff? ND 

Culp, 1980 Sudden 
death 
Infarct size 
(%) 
VPB 

Coronary artery 
thrombosis induced 
by electrical 
stimulations. 

Ctrl: standard dog chow 
[FO vs. Ctrl] n= 10 vs. 17 
Sudden death (%): No change 30%/29% Reported 
Infarct size (%): p=0.08 Decrease -52% Estimated 
Frequency of ectopic beats rose from < 10% at the beginning of the 

experiment to about 80% after 19 to 247 hrs of stimulation among 
controls. In contrast, the fish-oil-fed dogs maintained a more normal ECG 
pattern, showing less than 30% ectopic beats after 19 hours. 

Sex diff? ND 
Age diff? ND 
BW diff? No 
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Author, yr  Outcomes Experimental 
Protocols 

Results Comment/ Biases/ 
Limitations 

Hartog JM 
1987 

VPB 
VT (%) 
VF (%) 
Death 

Myocardial ischemia 
and reperfusion 
models: 

5-min ischemia; 
10-min reperfusion. 

Ctrl: Lard fat (9% w/w) 
[ML vs. Ctrl] 

VPB during occlusion: n= 7 vs. 6, p>0.05 No change, +53% Estimated 
VPB during reperfusion: n= 7 vs. 6, p<0.05 Decrease (sig.) -65% 

Estimated 
VT (%) n= 7 vs. 6, No change 29%/17% Reported (all events were 

occurred during ischemia) 
VF (%) n= 7 vs. 6, Increased 3/7 vs. 0/6 Reported 

Of the three animals in ML group had VF, defibrillation was unsuccessful in 
one animal, which died of ventricular systole during the fifth reperfusion. 

Sex diff? ND 
Age diff? No 
BW diff? ND 

Hock, 1990 VF (%) 
AS 
Deaths 

Myocardial ischemia 
and reperfusion 
models: 

15-min ischemia; 
6-hr and 24-hr 

reperfusion. 

[MO vs. CO] 
VF (%) in 6-hr model: n= 7 vs. 10, p<0.02 Decrease (sig.) 14%/91% 

Reported 
AS in 6-hr model: n= 7 vs. 10 p<0.01 Decrease (sig.) -77% Estimated 
Total Deaths (%) in 24-hr model: n= 21 vs. 22, p<0.05 Decrease (sig.) 

24%/69% Reported 

Sex diff? ND 
Age diff? ND 
BW diff? No 

Hock, 1987 VPB 
Deaths 

Ischemia model. 
“Acute” left main 

coronary artery 
ligation was 
performed. 
Arrhythima outcomes 
were observed 15 min 
after the acute 
ligation. 

[MO vs. CO] 
Arrhythmia death (%): n= 13 vs. 14, No change 2/13 vs. 2/14 Reported 
VPB: n= 11 vs. 12, p>0.05 No change 

Sex diff? No 
Age diff? ND 
BW diff? No 
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Protocols 

Results Comment/ Biases/ 
Limitations 

Isensee H 
1994 

Time in 
normal 
sinus 
rhythm 

VF (%) 
VT (%) 
SIZ (%) 

Myocardial ischemia 
and reperfusion 
models: 

20-min ischemia; 
20-min reperfusion 
 

VT (%) during ischemia 
[FO vs. CO] n= 9~10/grp, Decrease (sig.) 0% vs. 44% Reported 
[LO vs. CO] n= 9~10/grp, No change 60%/40% Reported 
[FO vs. LO] n= 9~10/grp, p<0.05 Decrease (sig.) 0%/60% Reported 

VF (%) during ischemia (results in figure) 
[FO vs. CO] n= 9~10/grp, p<0.05 Decrease (sig.) 10% vs. (about 45%) 
Reported 
[FO vs. CO w/ Aspirin during ischemia] n= 9~10/grp, p>0.05 No change 
[LO vs. CO] n= 9~10/grp, p>0.05 No change 
[LO vs. CO w/ Aspirin during ischemia] n= 9~10/grp, p>0.05 No change 
[FO vs. LO] n= 9~10/grp, p<0.05 Decrease (sig.) 10% vs. (about 40%) 
Reported 
[FO vs. LO w/ Aspirin during ischemia] n= ND, p>0.05 No change 

VF (%) during reperfusion 
[FO vs. CO] n= 9~10/grp, p>0.05 No change 40%/67% Reported 
[LO vs. CO] n= 9~10/grp, No change 60%/67% Reported 
[FO vs. LO] n= 9~10/grp, No change 40%/60% Reported 

SIZ (%) at end of ischemia (results in figure) 
[FO vs. CO] n= 9~10/grp, No change 
[FO vs. CO w/ Aspirin during ischemia] n= 9~10/grp, p>0.05 No change 
[LO vs. CO] n= 9~10/grp, p>0.05 No change 
[LO vs. CO w/ Aspirin during ischemia] n= 9~10/grp, p>0.05 No change 
[FO vs. LO] n= 9~10/grp, p>0.05 No change 
[FO vs. LO w/ Aspirin during ischemia] n= 9~10/grp, p>0.05 No change 

Length of time in normal sinus rhythm after occlusion (results in figure) 
[FO vs. CO] n= 9~10/grp, p<0.05 Increase (sig.) 
[FO vs. CO w/ Aspirin during ischemia] n= 9~10/grp, p>0.05 No change 
[LO vs. CO] n= 9~10/grp, p>0.05 No change 
[LO vs. CO w/ Aspirin during ischemia] n= 9~10/grp, p>0.05 No change 
[FO vs. LO] n= 9~10/grp, p<0.05 Increase (sig.) 
[FO vs. LO w/ Aspirin during ischemia] n= 9~10/grp, p>0.05 No change 

The length of time in normal sinus rhythm after occlusion was sig. longer, 
VF incidence was sig. higher, and the size of the ischemic zone was sig. 
larger when no Aspirin added during ischemia among the FO group. 

The length of time in normal sinus rhythm after occlusion was sig. longer, 
VF incidence was sig. higher, and the size of the ischemic zone was sig. 
larger when no Aspirin added during ischemia among the LO group. 

Sex diff? No 
Age diff? No 
BW diff? ND 
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Protocols 

Results Comment/ Biases/ 
Limitations 

Kinoshita, 
1994 

VF (%) 
VT (%) 
AS 
VPB 

Ischemia model: 3-hr 
coronary ligation 

Digitalis -induced 
arrhythmia model: 
Digoxin (0.025 
mg/kg/min) was 
administrated 
intravenously over a 
60 sec period to 5 
dogs in each group 
immediately after 
ischemia 

Ctrl: Standard diet 
[EPA vs. Ctrl] 
Ventricular extra beats (VEBs) in ischemia: n= 10 vs. 10, p<0.05 Decrease 

(sig.) -44% Estimated 
VF (%) in ischemia: n= 10 vs. 10, p>0.05 No change 2/10 vs. 2/10 Reported 
AS in ischemia: n= 10 vs. 10, p<0.05 Decrease (sig.) -55% Estimated 
 
Time in developing digitalis -induced VT or VF: n= 5 vs. 5, Increased >25 

min vs. 10-15 min Reported 
 

Sex diff? ND 
Age diff? ND 
BW diff? ND 

Lo, 1991 VT (%) 
VPB 

Normal conditions. No events of VT or VPB were observed when infusing control buffer, 
ALA=1, 5, or 10 mg/kg (n= 8, same dogs for all groups) 

[ALA vs. Ctrl buffer n=8, same dogs for all groups] 
VT (%) 

ALA=20, or 30 mg/kg, p>0.05 Increased 13%, or 38% respectively 
Reported 
ALA=60 mg//kg, p=0.013 Increase (sig.) 63% Reported 

VPB (%) 
ALA=20 mg/kg, p>0.05 Increased 25% Reported 
ALA=30 mg/kg, p=0.003 Increase (sig.) 75%  
ALA=60 mg/kg, p=0.0007 Increase (sig.) 88% Reported 

All ventricular arrhythmia occurred within 3 seconds after injection and 
recovered spontaneously within 5 minutes. 

A significant depression of myocardial contractility (the change in maximal 
left ventricular dp/dt during systole) was noted at a dose of 5 mg/kg. When 
the dose of ALA was increased, a more prominent myocardial depression 
was observed. In contract, and injection of the control buffer solution did 
not alter left ventricular dp/dt. 

Sex diff? No 
Age diff? ND 
BW diff? ND 
Injections of ALA 

invariably result in acute 
pulmonary edema within 
5 minutes (unpublished 
observation). Thus, 
whether or not the 
observed CVD effect was 
due to the direct effect of 
ALA was questionable. 

Possibly cumulative effect 
should be considered 
because various testing 
doses were repeatedly 
given in each dog. 

McLennan, 
1996 

VF (%) 
AS 

Ischemia model Ctrl: Olive oil 
AS (results in figure) 

[EPADHA vs. Ctrl] n= "n=10", p<0.02 Decrease (sig.)  
[EPA vs. Ctrl] n=ND, p>0.05 No change 
[DHA vs. Ctrl] n= "n=10", p<0.02 Decrease (sig.) 

VF (%) 
[EPADHA vs. Ctrl] n=ND p<0.01 Inhibitory effects 10%/80% Reported 
[EPA vs. Ctrl] n=ND, p>0.05 No change 70%/80% Reported 
[DHA vs. Ctrl] n=ND ", p<0.03 Inhibitory effects 20%/80% Reported 

Sex diff? No 
Age diff? ND 
BW diff? ND 
No statistics were 

performed for these 
comparisons in the 
original study. 
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Results Comment/ Biases/ 
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McLennan, 
1995 

VPB 
VT (%) 
VF (%) 
AS 
Deaths 

Myocardial ischemia 
and reperfusion 
models: 

15-min ischemia; 10-
min reperfusion. 

5-min ischemia; 10-min 
reperfusion. 

15-min ischemia; 10-min reperfusion model: 
VPB 

[CAN vs. SSO in ischemia] n= 16 vs. 14, No change -13% Estimated 
[SBO vs. SSO in ischemia] n= 13 vs. 14, No change -14% Estimated 
[CAN vs. SSO in reperfusion] n= 13 vs. 13, No change -43% Estimated 
[SBO vs. SSO in reperfusion] n= 11 vs. 13, No change -2% Estimated 

VT (%) 
[CAN vs. SSO in ischemia] n= 16 vs. 14, No change 75%/93% Reported 
[SBO vs. SSO in ischemia] n= 13 vs. 14, No change 62%/93% Reported 
[CAN vs. SSO in reperfusion] n= 13 vs. 13, No change 31%/69% 

Reported 
[SBO vs. SSO in reperfusion] n= 11 vs. 13, No change 3%/69% Reported 

VF (%) 
[CAN vs. SSO in ischemia] n= 16 vs. 14, No change 43%/43% Reported 
[SBO vs. SSO in ischemia] n= 13 vs. 14, No change 38%/43% Reported 
[CAN vs. SSO in reperfusion] n= 13 vs. 13, Decrease (sig.) 0%/23% 
Reported 
[SBO vs. SSO in reperfusion] n= 11 vs. 13, No change 27%/23% Reported 

VF Deaths 
[CAN vs. SSO in ischemia] n= 16 vs. 14, Increased 19%/7% Reported 
[SBO vs. SSO in ischemia] n= 13 vs. 14, Increased 15%/7% Reported 
[CAN vs. SSO in reperfusion] n= 13 vs. 13, Decrease (sig.) 0%/8% 
Reported 
[SBO vs. SSO in reperfusion] n= 11 vs. 13, Decrease (sig.) 0%/8% 
Reported 

AS 
[CAN vs. SSO in ischemia] n= 16 vs. 14, No change -11% Estimated 
[SBO vs. SSO in ischemia] n= 13 vs. 14, No change -18% Estimated 
[CAN vs. SSO in reperfusion] n= 13 vs. 13, No change -64% Estimated 
[SBO vs. SSO in reperfusion] n= 11 vs. 13, No change -12% Estimated 

5-min ischemia; 10-min reperfusion model: 
VPB 

[CAN vs. SSO in reperfusion] n= 10 vs. 10, p>0.05 No change 
[SBO vs. SSO in reperfusion] n= 10 vs. 10, p>0.05 No change 

VT (%) 
[CAN vs. SSO in reperfusion] n= 10 vs. 10, No change 70%/70% 
Reported 
[SBO vs. SSO in reperfusion] n= 10 vs. 10, No change 90%/70% Reported 

VF (%) 
[CAN vs. SSO in reperfusion] n= 10 vs. 10, No change 10%/50% 
Reported 
[SBO vs. SSO in reperfusion] n= 10 vs. 10, No change 50%/50% Reported 

VF Deaths 
[CAN vs. SSO in reperfusion] n= 10 vs. 10, 0%/20% Reported 

Sex diff? No 
Age diff? No 
BW diff? ND 
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McLennan, 
Bridle, 
1993 

VFT 
VF (%) 

Ischemia was induced 
by 15-min coronary 
artery occlusion. 

Isoproterenol (ISO) was 
injected in 0.5 ug/kg 
BW/min. 

Arrhythmias were 
induced by electrical 
stimulation protocol 
in control, 5 min after 
ischemia, and 30 min 
after restoration of 
coronary blood flow 
during the infusion of 
isoproterenol. 

Ctrl: SF/SSO (8% sheep perirenal fat+2% sunflower-seed oil) 
[SF/FO vs. Ctrl] 
   VF (%) in control condition: n=10 vs. 9, No Change 60%/60% Reported 

VF (%) in ischemia: n=10 vs. 9, No Change 100%/100% Reported 
VF (%) in ISO (0.5 ug/kg body wt/min): n= 10 vs. 9, p<0.05 Decrease 
(sig.) 3/10 vs. 7/9 Reported. The other 2 out of the 10 animal in FO group 
developed VT. 
VF (%) in ISO (2.0 ug/kg body wt/min): n=: 10 vs. 9, p=0.033 Decrease 
(sig.) 5/10 vs. 9/9 Reported 

Among susceptible animals: 
VFT in control condition: n= 6 vs. 6, p<0.05 Increase (sig.) +133% 
Estimated 
VFT in ischemia: n= 10 vs. 10, p<0.05 Increase (sig.) +79% Estimated 
VFT in ISO (0.5 ug/kg body wt/min): n= 5 (VF+VT) vs. 7, p<0.05 
Increased +55% Estimated 
VFT in ISO (2.0 ug/kg body wt/min): n= 5 vs. 9, p>0.05 Increased +75% 
Estimated 
 

Sex diff? No 
Age diff? ND 
BW diff? No 
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McLennan, 
1993 

Time in 
normal 
sinus 
rhythm 

VPB 
VT (%) 
VF (%) 
AS 
Deaths 

Myocardial ischemia 
and reperfusion 
models: 

15-min ischemia; 5-min 
reperfusion. 

5-min ischemia; 5-min 
reperfusion. 

15-min ischemia; 5-min reperfusion model: 
VPB 

[FO vs. SSO in ischemia] n= 14 vs. 13, No change -10% Estimated 
[FO vs. SSO in reperfusion] n= 14 vs. 12, No change -31% Estimated 

VT (%) 
[FO vs. SSO in ischemia] n= 14 vs. 13, Decrease 35%/92% Reported 
[FO vs. SSO in reperfusion] n= 14 vs. 12, p<0.05 Decrease (sig.) 
21%/67% Reported 

VF (%) 
[FO vs. SSO in ischemia] n= 14 vs. 13, Decrease (sig.) 0%/38% Reported 
[FO vs. SSO in reperfusion] n= 14 vs. 12, p>0.05 No Change, 0%/8% 
Reported 

Time in sinus rhythm 
[FO vs. SSO in ischemia] n= 14 vs. 13, No change +12% 
[FO vs. SSO in reperfusion] n= 14 vs. 12, p>0.05 No Change 

Deaths 
[FO vs. SSO in ischemia] n= 14 vs. 13, Decrease (sig.) 0%/8% Reported 
[FO vs. SSO in reperfusion] n= 14 vs. 12, No change 0%/0% Reported 

AS 
[FO vs. SSO in ischemia] n= 14 vs. 13, , p<0.05 Decrease (sig.) -41% 
Estimated 
[FO vs. SSO in reperfusion] n= 14 vs. 12, p<0.05 Decrease (sig.) –63% 
Estimated 

5-min ischemia; 5-min reperfusion model 
VPB 

[FO vs. SSO in reperfusion n= 10 vs. 12, No change -27% Estimated 
VT (%) 

[FO vs. SSO in reperfusion] n= 10 vs. 12, No change 60%/80% Reported 
VF (%) 

[FO vs. SSO in reperfusion] n= 10 vs. 12, Decrease 10%/25% Reported 
Time in sinus rhythm 

[FO vs. SSO in reperfusion] n= 10 vs. 12, No change +16% Estimated 
Deaths 

[FO vs. SSO in reperfusion] n= 10 vs. 12, Decrease (sig.) 0%/8% Reported 
AS 

[FO vs. SSO in reperfusion] n= 10 vs. 12, Decrease -48% Estimated 

Age diff? No 
BW diff? No 
No statistics were 

performed for FO vs. SSO 
comparisons in the 
original study. 
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Author, yr  Outcomes Experimental 
Protocols 

Results Comment/ Biases/ 
Limitations 

McLennan, 
1992 

VFT 
VF (%) 
Deaths 

Ischemia was induced 
by 15-min coronary 
artery occlusion. 

Isoproterenol (ISO) was 
injected in 0.5 ug/kg 
BW/min. 

Arrhythmias were 
induced by electrical 
stimulation protocol 
in control, 5 min after 
ischemia, and 30 min 
after restoration of 
coronary blood flow 
during the infusion of 
isoproterenol. 

VF (%) 
[TFO vs. SSO in control condition] n= 16 vs. 13, No change 10/16 vs. 
8/13 Estimated from graph 
[TFO vs. SSO in ischemia] n= 16 vs. 13 No change 12/16 vs. 8/13 
Estimated from graph  
[TFO vs. SSO in ISO] n= 16 vs. 13 No change 7/16 vs. 10/13 Estimated 
from graph  
In TFO fed animals, 80% of VF episodes were of less than 5 seconds’ 
duration compared with only 25% of SSO (p=0.054 n.s.) animals. 

VFT in susceptible marmosets  (results in figure) 
[TFO vs. SSO in control condition] n= 10 vs. 8, p>0.05 No change 
[TFO vs. SSO in ischemia] n= 12 vs. 8, p>0.05 No change 
[TFO vs. SSO in ISO] n= 7 vs. 10, >0.05 No change 

Total VF Deaths, combining the Deaths in control condition, ischemia, and 
isoproterenol models. 

[TFO vs. SSO] n= 16 vs. 13, Decrease (sig.) 0/16 vs. 3/13 Reported 

Sex diff? ND 
Age diff? No 
BW diff? No 
Isoproterenal induced a sig. 

increase in the proportion 
of inducible animals 
having sustained episodes 
of VF in all dietary 
groups; as well as a sig. 
proportion of animals 
suffering fatal VF and 
cardiac arrest compared to 
the control condition.  

McLennan, 
1990 

Time in 
normal 
sinus 
rhythm 

VPB 
VT (%) 
VF (%) 
AS 
Deaths 

Myocardial ischemia 
and reperfusion 
models: 

15-min ischemia; 10-min 
reperfusion. 

VPB 
[SF/TFO vs. SF/SSO in ischemia] n= 7 vs. 7, p>0.05 No change 
[SF/TFO vs. SF/SSO in perfusion] n= 7 vs. 7, p<0.05 Decrease (sig.) -24% 
Estimated 

VT (%) 
[SF/TFO vs. SF/SSO in ischemia] n= 7 vs. 7, p>0.05 No change 57%/57% 
Reported 
[SF/TFO vs. SF/SSO in perfusion] n= 7 vs. 7, p>0.05 No change 
71%/86% Reported 

VF (%) 
[SF/TFO vs. SF/SSO in ischemia] n= 7 vs. 7, p>0.05 No change 14%/29% 
Reported 
[SF/TFO vs. SF/SSO in perfusion] n= 7 vs. 7, p>0.05 No change 
29%/29% Reported 

Time in sinus rhythm 
[SF/TFO vs. SF/SSO in ischemia] n= 7 vs. 7, p>0.05 No change 
[SF/TFO vs. SF/SSO in perfusion] n= 7 vs. 7, p>0.05 No change 

VT/VF Deaths 
[SF/TFO vs. SF/SSO in ischemia] n= 7 vs. 7, No change 0%/0% Reported 
[SF/TFO vs. SF/SSO in perfusion] n= 7 vs. 7, No change 0%/0% Reported 

AS (results in figure 
[SF/TFO vs. SF/SSO in ischemia] n= 7 vs. 7, p>0.05 No change 
[SF/TFO vs. SF/SSO in perfusion] n= 7 vs. 7, p>0.05 No change 

Sex diff? No 
Age diff? No 
BW diff? Yes 
SSO group had significant 

lower body weight after 
18 months 
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Author, yr  Outcomes Experimental 
Protocols 

Results Comment/ Biases/ 
Limitations 

McLennan 
PL 
1988 

VT (%) 
VF (%) 
AS 
Ischemic 
region (%) 

Myocardial ischemia 
and reperfusion 
models: 

15-min ischemia, 
followed by 
reperfusion. 

VT (%) 
[TFO vs. SSO in ischemia] n= 10 vs. 10, p<0.01 Decrease (sig.) 37% vs. 
77%* Reported 
[TFO vs. SSO in reperfusion] n= 10 vs. 10, p<0.05 Decrease (sig.) 50%* 
vs. 80%* Estimated 

VF (%) 
[TFO vs. SSO in ischemia] n= 10 vs. 10, p<0.01 Decrease (sig.) 0% vs. 
10%* Reported 
[TFO vs. SSO in reperfusion] n= 10 vs. 10, p<0.05 Decrease (sig.) 0% vs. 
30% Estimated 

AS (results in figure) 
[TFO vs. SSO in ischemia] n= 10 vs. 10, p>0.05 No change 
[TFO vs. SSO in reperfusion] n= 10 vs. 10, p<0.05 Decrease (sig) -44% 
Estimated 

IS 
[TFO vs. SSO] n= 10 vs. 10, No change +7% Estimated 

No animal died in TFO and SSO groups. 

Sex diff? No 
Age diff? No 
BW diff? Yes  

SSO=512 gm; TFO=566 
gm 

Oskarsson, 
1993 

SIZ (%) Myocardial ischemia 
and reperfusion 
models: 

90-min ischemia; 
30-min reperfusion. 

Ctrl: No fish oil Rx 
[MaxEPA vs. Ctrl] 

Myocardial infarct size (%): n= 10 vs. 12, p<0.05 Decrease (sig.) 
13%/29% Reported 
Amount of myocardium at risk for severe ischemia (%): n= 10 vs. 12, 
p>0.05 No change 41.2%/39.3% Reported 

Sex diff? ND 
Age diff? ND 
BW diff? No 

Otsuji, 
1993 

Deaths 
Infracted 
area 

Size of the 
area at risk 
(%) 

Coronary artery 
occlusion (ischemia 
model) 

Ctrl: Standard dog chow 
[EPA-ester vs. Ctrl] 

VF Deaths: n= 10 vs. 15, p<0.05 Decrease (sig.) 0%/33% Reported 
Ultimate size of the infarcted area: n= 10 vs. 10, p<0.01 Decrease (sig.) 
17.6%/29.2% Reported 
Size of the area at risk (%): n= 10 vs. 10, p>0.05 No change 

Sex diff? ND 
Age diff? ND 
BW diff? ND 
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Author, yr  Outcomes Experimental 
Protocols 

Results Comment/ Biases/ 
Limitations 

Pepe, 1996 VPB 
VT (%) 
VF (%) 
VFT 

Myocardial ischemia 
and reperfusion 
models: 

15-min ischemia; 
10-min reperfusion. 
 
Electrical Stimulation 

(independent of 
myocardial ischemia 
model) 

[FO vs. SAT] 
Ischemia -reperfusion model: 

VPB during ischemia: n= 20 vs. 20, p<0.05 Decrease (sig.) -73% 
Estimated 
VT (%) after ischemia-reperfution: n= 20 vs. 20, p<0.05 Decrease (sig.) 
10%/70% Reported 
VF (%) after ischemia-reperfution: n= 20 vs. 20, p<0.05 Decrease (sig.) 
0%/80% Reported 

Electrical Stinulation: 
The threshold current for VF induction was reduced in all dietary groups 
in ischemia but remained significantly higher in the mackerel-oil-fed 
group than in the saturated-fat-fed group (n=10 per group). 

Sex diff? No 
Age diff? No 
BW diff? ND 

Yang, 1993 VF (%) or 
VF (%) 

Myocardial ischemia 
and reperfusion 
models: 

15-min ischemia; 10-
min reperfusion. 

[FO vs. Butter] 
VT (%) or VF (%): n= 8 vs. 9, p<0.05 Decrease (sig.) 3/8 vs. 7/9 Reported 

Sex diff? No 
Age diff? ND 
BW diff? ND 
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Author, 
 yr 

Country 
Funding 

Species 
Stage    
Sex 

Exp-
osure 
Dura-
tion 

(weeks) 

Group 
[Sample Size] 

 

Total Fat 
(omega-3 

fatty acids) 
Unit SFA MUFA PUFA ALA EPA DHA 

Other 
omega

-3 
fatty 
acids 

Benedik-
tsdottir, 
1988 

Iceland 
U 

Rats 
Adult 
Male 

16 Corn oil (CO) 
[ND] 

Cod-liver oil 
(CLO) [ND] 

10 %w 
10 %w 

% 
total 
fatty 
acids 

14.5 
 
22.0 

24.5 
 
47.0 

57.8 
 
27.2 

  ND 
 
  ND 

  0.0 
 
  6.9 

 0.0  
 
 7.2 

0.03 

 
0.93 

Black, 
1989 

Canada 
G 

Rats 
Adult 
Male 

4 STD [6] 
 
STD+FO [6] 

 
 
0.5ml/kg/day 

ND 
 

ND 

ND 
 

ND 

ND 
 
ND 

ND 
 
ND 

ND 
 
ND 

ND 
 
ND 

ND 
 
ND 

 

Chemla, 
1995 

France 
G 

Rats 
Adult 
Male 

4 N-3 [15] 
 
N-6 [15] 

15%w 
 
15%w 

%TFA 
 
 

20.0 
 
19.8 

57.7 
 
58.9 

11.4 
 
20.7 

0.8 
 
0.5 

4.3 
 
0.0 

4.1 
 
0.0 

 

Chen, 
1994 

Taiwan 
G 

Rabbits 
Adult 
Male 

2 High cholesterol 
(HC)  [11-15] 

HC+FO [11-12] 

40 %kcal 
40 %kcal 
(10 %kcal 
from fish oil) 

% 
w/w 

ND 
 
ND 

  ND 
 
  ND 

 ND 
 
 ND 

ND 
 
ND 

 ND 
 
 30.2 

ND 
 
21.5 

 

Croset, 
1989a 

USA 
G1 

Mouse 
Weanling  
Male 

2 STD [10] 
STD+0.4 %w/w 
DHAe[10] 

STD+0.8 %w/w 
DHAe[10] 

STD+ 4%w/w 
DHAe [10] 

  0 %w 
10 %w/w 
 
10 %w/w 
 
10 %w /w 

Mol% 11.8 
11.7 
 
11.5 
 
5.3 

31.7 
28.8 
 
25.7 
 
9.3 

56.1 
59.1 
 
61.6 
 
85.3 

0.0 
0.0 
 
0.0 
 
0.0 

ND 
ND 
 
ND 
 
ND 

0.0 
0.1 
 
0.2 
 
0.8 

 

Croset, 
1989b 

USA 
G 

Mouse 
Weanling  
Male 

2 OO+ALA e [6] 
OO+EPA e [6] 
OO+DHA e [6] 

1.5+0.5%w 
1.5+0.5%w 
1.5+0.5%w 

Mol% 27.6 
30.3 
27.5 

44.5 
49.8 
47.3 

27.9 
19.9 
25.1 

20.5 
  1.0 
  0.5 

  0.2 
  8.1 
  0.9 

 0.1 
 1.9 
 16.5 

 

Demai-
son, 1993 

France 
G 

Rats 
Weanling 
Male 

8 SF [32] 
LIN [29] 

100g/Kg 
100g/kg 

% 
TFA 

11.8 
8.7 

16.2 
20.3 

71.7 
71.0 

 0.2 
 53.5 

 ND 
 ND 

 ND 
 ND 

 

Gillis, 1992 Canada 
G 

Rabbits 
Weanling 
ND 

6 SAF (9) 
FO (9) 

10%w 
10%w 

%w 9.6 
23.5 

13.1 
29.2 

77.3 
47.3 

0.0 
1.4 

0.0 
26.5 

0.0 
8.6 

0.03 

2.33 
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Author, 
 yr 

Country 
Funding 

Species 
Stage    
Sex 

Exp-
osure 
Dura-
tion 

(weeks) 

Group 
[Sample Size] 

 

Total Fat 
(omega-3 

fatty acids) 
Unit SFA MUFA PUFA ALA EPA DHA 

Other 
omega

-3 
fatty 
acids 

Rats 
Adult 
Male 

20 CO [5]  
CLO (4) 

10%w 
10%w 

%w 13.6 
18.1 

24.6 
51.0 

58.6 
27.7 

2.6 
0.0 
 

0.0 
7.1 

0.0 
8.1 

  
Gudmunds
dottir, 
1991 
 

Iceland 
U 
 

Rats 
Aged 
Male 

88 CO [5]  
CLO (4) 

10%w 
10%w 

%w 13.6 
18.1 

24.6 
51.0 

58.6 
27.7 

2.6 
0.0 
 

0.0 
7.1 

0.0 
8.1 

 

Heard, 
1992 

USA 
U 

Rats 
Adult 
Male 

4 SAF [18] 
MenO+SAF [18] 
 

20%w 
19.5%+0.5
%w 

ND 
 

ND 
ND 

  ND 
  ND 

 ND 
 ND 

ND 
ND 

 ND 
 ND 

ND 
ND 

 

Honen, 
2002 

Austra-
lia 
G 

Rats 
Adult 
Male 

3 Canola oil (6) 
FO(6) 
G 
 

3ml/d 
3ml/d 

% 
TFA 

6.2 
1.7 

60.0 
15.8 

33.8 
77.7 

12.1 
0.5 

0 
48.0 

0 
26.2 

 

Karmazyn, 
1987 

Canada 
G  

Rats 
Weanling 
Male/ 
Female 

12 STD [14] 
STD+Cod liver oil 
(CLO) [14] 

10%w 
 

ND ND 
ND 

  ND 
  ND 

 ND 
 ND 

ND 
ND 

 ND 
 ND 

ND 
ND 

 

Kinoshita, 
1994 

Japan 
U 

Dogs 
Adult 
ND 

8 STD (15) 
STD+EPAe (15) 

100mg/kg mg/k
g/d 

ND 
ND 

ND 
ND 

ND 
ND 

ND 
ND 

ND 
100 

ND 
ND 

 

Ku, 1997 
 

Japan 
G 

Rats 
Aged 
Female 

12 HC (5) 
HC+EPA (5) 
 
HC+DHA (5) 
 

5.1%w 
5.1%w 
(300mg/kg) 
5.1%w 
(300mg/kg) 

ND ND 
ND 
 
ND 

ND 
ND 
  
ND 

ND 
ND 
 
ND 

ND 
ND 
 
ND 

ND 
ND 
 
ND 

ND 
ND 
 
ND 

 

Lamers, 
1988 

Neth.; 
Italy 
G 

Pigs 
Weanling 
Male/ 
Female 

8 LARD [8] 
 
FO +LARD  [8] 

9%w 
 
4.5% 
+4.5%w  

%TFA 36 
 
32 

46 
 
40 

15 
 
11 

1 
 
1 

0 
 
8 

0 
 
5 

 

Laustiola, 
1986 

Finland 
U 

Rats 
Weanling 
Male 

16 STD [20] 
 
STD+CLO [33] 

 
10%na 

% 
TFA 

26.2 
 
22.8 

  23.6 
   
46.5 

49.7 
 
28.6 

5.3 
 
1.7 

1.3 
 
6.4 

2.7 
 
8.2 

0.23 
2.74 

0.73 
8.24 
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Author, 
 yr 

Country 
Funding 

Species 
Stage    
Sex 

Exp-
osure 
Dura-
tion 

(weeks) 

Group 
[Sample Size] 

 

Total Fat 
(omega-3 

fatty acids) 
Unit SFA MUFA PUFA ALA EPA DHA 

Other 
omega

-3 
fatty 
acids 

Leifert, 
2000a 

Austra-
lia 
G  

Rats 
Young 
Adult 
Male 

3 LARD [6-8] 
FO [6-8] 
G5 

29% E (74kJ 
fat/d) 
29% E (74kJ 
fat/d) 

% w 58.0 
27.3 

39.4 
28.2 

2.6 
44.6 

0.7 
1.1 

0.1 
24.3 

0.0 
12.1 

0.03 

2.33 

Leifert, 
2001 

Australia 
I+NP 
 

Rats 
Adult 
Male 

3 SF (6) 
FO (6) 

17%w 
(10%w) 
17%w 
(10%w) 

%w 36.4 
18.6 

55.1 
44.0 

8.5 
37.4 

1.2 
0.9 

0 
17.8 

0 
8.9 

0.03 

1.73 

Maixent, 
1999 

France 
G+NPl 

Rats 
Adult 
Male 

8 STD [11] 
STD+FO [10] 

0.5g of oil/kg   mg/g 
of oil 

ND 
ND 

  ND 
  ND 

 ND 
 ND 

ND 
ND 

 ND 
 180 

ND 
120 

 

Minaro-vic, 
1997 

Slovak  
G 

Rats 
Young 
Adult  
Male 

2 HF [10] 
FO [10] 

300g/kg 
100g/kg 

% w 47.0 
13.0 

39.7 
29.4 

13.3 
57.6 

ND 
ND 

 ND 
 ND 

ND 
ND 

 

Pepe, 
1999 

USA 
U 

Rats 
Young 
Adult 
Male 

6 N-6 (6) 
 
FO (5) 

15.6% w 
(11.7%w) 
15.6%w 
(11.7%w) 

ND ND 
ND 

ND 
 ND 

ND 
 ND 

ND 
ND 

ND 
 ND 

ND 
 ND 

ND 
ND  

Reig, 1993 Spain 
U 

Rats 
Young 
Adult 
Male 

5 HF (20) 
HF+FO (20) 

37%w 
31%+6%w 

%TFA 36.7 
30.0 

40.0 
33.0 

19.4 
37.1 
 

2.2 
3.4 

0.0 
4.6 

0.0 
3.4 

0.03 

1.03 

Swan-son, 
1989 

USA 
G 

Mouse 
Weanling 
Male 

2 SAF+CO (9) 
 
SAF+MenO (9) 

12%w 
(2%+10%w) 
12%w 
(2%+10%w) 

%w 14.5 
28.5 
 

24.2 
26.1 

60.9 
44.7 

1.0 
1.8 

0.0 
12.9 
 

0.0 
9.1 

0.03 

2.03 

Taffet, 
1993 

USA 
G 

Rats 
Young 
Adult  
Female 

3 CO [11] 
CO+MenO [12] 
 

20%w 
3%+17%w 

Mol 
% 

14.3 
39.9 

26.3 
28.3 

59.3 
31.9 

0.0 
1.3 

0.0 
16.5 

ND 
ND 
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Author, 
yr 

O
u

tc
om

e
 

C
at

eg
o

ry
 

Cell or 
Tissue  Expt Condition Agent 

C
h

an
g

e 
in

 
M

em
b

ra
n

e 
C

o
m

p
o

si
ti

o
n

 

Results (n=cells) 

Benedikt-
sdottir, 
1988 

IPIM 
 

Sarcolemma Ambient None Yes CLO vs. CO 
- NC in Na+K+ATPase (n=ND; p>0.05) 

Black, 
1989 

IPIM Sarcoplasmic 
reticulum 

Ambient None ND STD+FO vs. STD 
- NC in sarcoplasmic reticulum calcium transport activity 

(n=6;p>0.05) 
Chemla, 
1995 

CP Myocardium Ambient None ND N-3 vs. N-6 
- NC in force-velocity relationship characteristics (n=15; 

p>0.05) 
Sham ischemic None ND HC+FO vs. HC 

- NC in mitochondrial calcium concentrations (n=5/group; 
p>0.05) 

Chen, 
1994 

IPIM 
 

Myocardial 
mitochondria 

Short-term 
Ischemia 
(Occl-10min Rep-
1hr) 
Long-term 
Ischemia (Occl-
1hr Rep-4hr) 

None ND HC+FO vs. HC 
- NC in mitochondrial calcium concentrations after short or long 

term ischemia (n=11/group; p>0.05) 

SR vessicles2 Ambient 
  

None Yes All DHA diets vs. STD 
- NC in maximum velocity of SR Ca2+, Mg2+-ATPase with 

incremental levels of DHA (n=10/group; p>0.05) 

Croset, 
1989a 

IPIM1 

 

Myocardial 
mitochodria 

Ambient 
  

0.15 uM 
oligomycin 

Yes STD+0.4%DHAe. vs. STD 
- Increased maximum velocity of mitochondrial oligomycin-

sensitive ATPase (%=ND)(n=10/grp, p<0.02) 
STD+0.8%DHAe. vs. STD 

- Increased maximum velocity of mitochondrial oligomycin-
sensitive ATPase (%=ND)(n=10/grp, p<0.05) 

STD+4%DHAe. vs. STD 
- NC in maximum velocity of mitochondrial oligomycin-

sensitive ATPase (n=10/grp, p>0.05) 
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Author, 
yr 

O
u

tc
om

e
 

C
at

eg
o

ry
 

Cell or 
Tissue  Expt Condition Agent 

C
h

an
g

e 
in

 
M

em
b

ra
n

e 
C

o
m

p
o

si
ti

o
n

 

Results (n=cells) 

OO+ALAe. vs. Safflower oil 
- Decreased Ca2+ transport measured a maximum rate of 

Ca2+ accumulation in cardiac SR vesicles (%=ND) (n=3; 
p<0.05) 

OO+EPAe. vs. Safflower oil 
- Decreased Ca2+ transport measured a maximum rate of 

Ca2+ accumulation in cardiac SR vesicles (%=ND) (n=3; 
p<0.04) 

OO+DHAe. vs. O Safflower oil 
- Decreased Ca2+ transport measured a maximum rate of 

Ca2+ accumulation in cardiac SR vesicles (%=ND)  (n=3; 
p<0.03) 

Croset, 
1989b 

IPIM 
 

SR vesicles Ambient  None 
 

Yes 

OO+ALAe. vs. OO+EPAe. 
- Decreased Ca2+ transport measured a maximum rate of 

Ca2+ accumulation in cardiac SR vesicles (%=ND) (n=3; 
p=ND) 

OO+ALAe. vs. OO+DHAe. 
- Decreased Ca2+ transport measured a maximum rate of 

Ca2+ accumulation in cardiac SR vesicles (%=ND) (n=3; 
p=ND) 

OO+EPAe. vs. OO+DHAe. 
- Decreased Ca2+ transport measured a maximum rate of 

Ca2+ accumulation in cardiac SR vesicles (%=ND)  (n=3; 
p=ND) 

OO+EPAe. vs. OO+SA 
- NC in maximum specific activity (Vmax) and affinity for Ca2+ 

and ATP of Ca2+Mg2+ATPase associated with CA2+ uptake 
(n=3;p>0.05) 

OO+DHAe. vs. OO+SA 
- NC in maximum specific activity (Vmax) and affinity for Ca2+ 

and ATP of Ca2+Mg2+ATPase associated with CA2+ uptake 
(n=3;p>0.05) 

Demaison, 
1993 

CP 
 

Isolated  
Working 
heart 

Ambient 
(Perfusion) 

None Yes LIN vs. SF 
- NC in contractility (n=29-32; p>0.05) 
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Results (n=cells) 

Ambient None Yes FO vs. SAF 
- NC in mean baseline QRS (n=9; p>0.05)  
- NC in mean baseline QT interval duration (n=9; p>0.05) 

Electrical None Yes FO vs. SAF  
- NC in mean baseline left ventricular effective refractory 

period (VERP) (n=9; p>0.05) 
- NC in mean baseline epicardial MAP duration (n=9; p>0.05) 
- NC in mean baseline endocardial MAP duration (n=9; 

p>0.05) 
- NC in strength - interval relations (mean threshold current 

at each coupling interval)  (n=9; p>0.05) 

Gillis, 1992 BEP SR vesicles 
 

Electrical None Yes FO vs. SAF 
- NC in mean diastolic threshold (n=9; p>0.05) 
- NC in absolute refractory period (n=9; p>0.05) 
- NC in relative refractory period (n=9; p>0.05) 

Gudmunds
dottir, 
1991 

ICH 
 

Sarcolemma Ambient NIT Yes 
 

CLO vs. CO at 20 weeks 
- NC in the affinity (1/Kd ) and binding (Bmax) of slow Ca2+ 

channels for [3H NIT] (n=4-5;p>0.05) 
CLO vs. CO at 88 weeks 

- Decreased the affinity (1/K) and binding (Bmax)of slow Ca2+ 
channels  for [3H NIT] (n=4-5;p<0.05) 

CP 
 

Atrial tissue Ambient Saline ND FO+SAF vs. SAF 
- NC in force of contraction indexed to body weight 

(FOC/BW) (n=6; p>0.05) 
- NC in maximum rate of rise of contraction (dF/dt) (n=6; 

p>0.05) 
- NC in maximum rate of relaxation (-dF/dt) (n=6; p>0.05) 
- NC in atrial rate (beats/min) (n=6; p>0.05) 

Heard, 
1992 

CP 
 

Atrial tissue Ambient LPS 
(20mg/kg) 

ND FO+SAF vs. SAF 
- Increased force of contraction indexed to body weight 

(FOC/BW) (n=11; p<0.05) 
- Increased maximum rate of rise of contraction (dF/dt) 

(n=11; p<0.05) 
- Increased maximum rate of relaxation (-dF/dt) (n=11; 

p<0.05) 
- Decreased atrial rate (beats/min) (n=ND; p<0.05) 
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Results (n=cells) 

 CP 
 

Atrial tissue Ambient ISO (0.1, 
0.5, 1.0 and 
5.0uM) 

ND FO+SAF vs. SAF  
- NC in atrial force of contraction indexed to body weight 

(FOC/BW) as a function of Iso concentration (n=ND; 
p>0.05) 

 
Honen, 
2002 

IPIM Atrial 
myocytes 

Ambient None Yes FO vs. RO 
- NC in  mean area of Ca2+ sparks n=5;  p>0.05) 
- NC in  mean duration of Ca2+ sparks (n=5; p>0.05) 
- NC in  mean frequency of Ca2+sparks (n=5; p>0.05) 
- Increased the proportion of “ideal’ sparks (rapid rise and 

exponential fall by 9.1% (n=5; p<0.05)  
- NC in proportion of “very slow  rise and fall sparks” 

(n=5; p>0.05) 
- Decreased the proportion of “marked step/plateau in the 

decay phase”  sparks by 63% (n=5; p<0.05) 
IPIM 
 

Ventricular 
myocytes 

Ischemia-
Reperfusion 

None Yes STD+CLO vs STD 
- Time dependent (10-80mins) increase in Ca2+ uptake by 

135-159% (n=5-9; p<0.01) 
- NC in Ca2+ efflux (n=5-9; p>0.05) 

Karma-
zyn, 1987 

BEP 
 

Ventricular 
myocytes 

Ischemia-
Reperfusion 

None Yes STD+CLO vs STD 
- NC in developed or resting tension (n=5-9; p>0.05) 

Myocardial 
microsomal 
vesicles 

Ambient (non-
infarct) 

None Yes 
 

STD+EPAe. vs. STD 
- Increased Ca2+-Mg2+ATPase Vmax by 48% (n=6; p<0.01) 
- NC in Km (n=6; p>0.05) 

Myocardial 
microsomal 
vesicles 
 

Ischemia None Yes 
 

STD+EPAe. vs. STD 
- Increased Ca2+-Mg2+ATPase Vmax by 45% (n=6; p<0.01) 
- NC in Km (n=6; p>0.05) 

Myocardial 
microsomal 
vesicles 

Ambient (non-
infarct) 

Oua Yes 
 

STD+EPAe. vs. STD 
- NC in Na2+-K2+ATPase Vmax (n=6; p>0.01) 
- NC in the amount of ouabain needed to induce 50% 

inhibition  (IC50)  of Na2+-K2+ATPase activity.(n=6; 
p>0.05) 

Kinoshita, 
1994 

IPIM  
 

Myocardial 
microsomal 
vesicles 

Ischemia Oua Yes 
 

STD+EPAe. vs. STD 
- NC in Na2+-K2+ATPase Vmax (n=6; p>0.01) 
- NC in the amount of ouabain needed to induce 50% 

inhibition (IC50) of Na2+-K2+ATPase activity.(n=6; p>0.05) 
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Results (n=cells) 

Ambient  None Yes 
 

HC+EPA vs. HC 
- NC in recovery of heart rate (n=5; p>0.05) 

Ambient  None Yes 
 

HC+DHA vs. HC 
- NC in recovery of heart rate (n=5; p>0.05) 
 

Ku, 1997 CP Isolated  
Heart 
 

Ambient  None Yes 
 

HC+DHA vs HC+EPA 
- NC in recovery of heart rate (n=5; p>0.05) 
 

Ambient Ca2+   Yes FO+LARD vs LARD 
- Increased Ca2+  pumping ATPase activity by 68% (n= 6; 

p< 0.05) 
 
 

Lamers, 
1988 

IPIM Sarcolemma 

Ischemia (5 min) 
Reperfusion (10 
min) 

Ca2+   Yes FO+LARD vs LARD 
- Increased Ca2+  pumping ATPase activity by 43% (n=6; 

p< 0.05) 
 
 

High O2 None Yes STD+CLO vs STD 
- Decreased contraction amplitude by 25% (n=7-11; 

p<0.001) 
- Decreased heart rate by 24% (n=7-11; p<0.001) 

High O2 NA(1x10 -

6/90sec) 
Yes STD+CLO vs STD 

- NC in contraction amplitude (n=4-11; p>0.05) 
- NC in heart rate (n=4-11; p>0.05) 

Hypoxia NA(1x10 -

6/90sec) 
Yes STD+CLO vs STD 

- Decreased contraction amplitude by 58% (n=4-11; 
p<0.001) 

- Decreased heart rate by 13% (n=4-11; p<0.001) 

Laustiola, 
1986 

CP 
 

Atrial 
myocytes 

Reoxy O2 5min NA 
(1x10-

6/90sec)  

Yes STD+CLO vs STD 
- NC in contraction amplitude (n=4-11; p>0.05) 
- NC in heart rate (n=4-11; p>0.05) 
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Results (n=cells) 

Ambient  Yes FO vs. LARD 
- NC in resting or diastolic cell length (voltage required to 

stimulate 90% of cells to contract) (n=29-36; p>0.05) 
- NC in systolic cell length (peak cell shortening during 

steady state) (n=29-36; p>0.05) 
- NC in percent cell length (systolic-diastolic/diastolic*100) 

(n=29-36; p>0.05) 
- NC in post-rest potentiation (post rest contraction 

length/steady state contraction length*100) (n=29-36; 
p>0.05) 

Ambient ISO (0.01-
3uM/3min) 

Yes FO vs. LARD 
- Decrease and delay in the development of ISO induced 

asynchronous contractile activity (n=6 animals/gr; 
p<0.05) 

- EC50 values were 892 ± 130nM and 347 ± 91 nM for FO 
and LARD, respectively. 

Ambient FRGS 
(2.3mM 
purine; 
7mU/ml 
xanthine 
oxidase/20mi
ns) 

Yes FO vs. LARD 
- Decreased development of FRGS induced asynchronous 

contractions over the entire time course (3-20mins) (n=6-
9 animals/gp; p<0.01) 

- Increased the time taken until 50% of cardiomyocytes 
contracted in an asynchronous manner (30%) (n=6-
9animals/gp; p<0.01) 

Ambient  
 

None Yes FO vs. LARD 
- NC in voltage dependence of Na+ current activation 

parameters Gmax; V50; Erev or K (n=28; p>0.05) 
- NC in voltage dependence of Na+ current inactivation 

parameters Imax and K (n=28; p>0.05) 
- More negative V50 for the voltage dependence of Na+ 

current inactivation (n=28; p<0.05) 
 
 

Leifert, 
2000a 

CP 
 
 
 

Ventricular 
myocytes 
 

Ambient None Yes FO vs. LARD 
- NC in Ito current activation parameters Imax; V50 or K 

(n=17-28; p>0.05) 
- NC in Ito current inactivation parameters Imax; V50 or K 

(n=17-28; p>0.05) 
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Results (n=cells) 

CP Ambient ISO (0.1-
3uM) 

Yes FO vs. SF 
- Decreased the time of onset of asynchronous contractile 

activity (%=ND)(n=6 animals; p<0.001) 
- No change  in the number of asynchronously contracting 

myocytes (n= 29-32; p>0.05) 
- Prevented asynchronously contraction during Ca2+ 

transient measurements (n= 29-32; p<0.05) 
Ambient None Yes FO vs. SF 

- NC in  SR Ca2+ transient under steady state conditions 
and after 30sec rest period (n=8/grp; p>0.05) 

Ambient Caffeine 
(20mM) –
induced SR 
Ca2+ release 

Yes FO vs. SF 
- NC in  SR Ca2+ content (n=8/grp; p>0.05) 

Ambient 
 

DBHQ 
(10uM/4m): 
SR Ca2+ 
ATPase 
inhibitor 

Yes FO vs. SF 
- NC in value of the peak Ca2+ transient (n=32; p>0.05) 
- Increased the time constant of decay (tau) of the Ca2+ 

transient (%=ND) (n=8/grp; p<0.05), indicating a more 
rapid Ca2+ efflux via sarcolemmal Ca2+ exchangers in 
the SF group.  

Leifert, 
2001 

IPIM 

Cardio-
myocytes 
 

Ambient None Yes FO vs. SF 
- Increased the time constant of the decay phase of the 

Ca2+ transient (%=ND) (n=8/grp; p<0.05) 
- NC in end-diastolic Ca2+ concentration (n=8/grp; 

p>0.05) 
- NC in systolic peak Ca2+ concentration (n=8/grp; 

p>0.05) 
- NC in developed Ca2+ concentration (systolic-end 

diastolic) (n=8/grp; p>0.05) 
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Results (n=cells) 

   Ambient ISO (0.5uM): 
increase the 
cellular Ca2+ 
load 

Yes FO vs. SF 
- Increased the time constant of the decay phase of the 

Ca2+ transient by 13% (n=8/grp; p<0.01), indicating a 
more rapid Ca2+ efflux via SR and/or sarcolemmal Ca2+ 
exchangers in the SF group.  

- NC in end-diastolic Ca2+ concentration (n=8/grp; 
p>0.05) 

- NC in systolic peak Ca2+ concentration (n=8/grp; 
p>0.05) 

- NC in developed Ca2+ concentration (systolic-end 
diastolic) (n=8/grp; p>0.05) 

Maixent, 
1999 

IPIM 
 

Myocardial  
microsomal 
vesicles 

Ambient OUA (10-7 to 
10-4M) 

Yes STD+FO vs. STD 
- NC in ouabain-sensitive Na+K+ATPase activity (n=4; 

p>0.05) 
- NC in relative contribution of Na+K+ATPase a2 isoform 

(high affinity) 
- NC in relative contribution of Na+K+ATPase a1 isoform 

(low affinity) 
- NC in IC50 value of Na+K+ATPase a2 isoform (high 

affinity)  
- Lower IC50 value of Na+K+ATPase a1 isoform (low 

affinity) 
Ambient None Yes FO vs. HF 

- NC in rates of activation and the fast component of 
inactivation of the Ca2+ current (n=ND; p>0.05) 

- More negative half–inactivation potential (n=5-8;p<0.05) 
suggesting that these channels are less prone to 
inactivation 

- NC in voltage dependence of the peak ICa amplitude 
(n=ND; p>0.05) 

Minarovic, 
1997 

ICU 
   
 

Ventricular     
myocytes 
 

Ambient Verapamil 
(ND) 

Yes FO vs. HF 
- No effect on the binding characteristics of the calcium 

channel blockers or the parameters of the ICa-V curves 
(n=ND; p>0.05) 
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Results (n=cells) 

   Ambient Diltiazem: 
(ND) 

Yes FO vs. HF 
- No effect on the binding characteristics characteristics of 

the calcium channel blockers  or the parameters of the 
ICa-V curves (n=ND; p>0.05) 

BEP 
 

Ventricular 
Tissue 

Ambient None Yes HF+FO vs. HF 
- Decreased ventricular refractory period by 14% (n=5 

animals; p<0.05) 
 

 

Reig, 1993 

CP Ventricular 
Tissue 

Ambient None Yes HF+FO vs. HF 
- No change in proportion of animals with heart rate 

>750 beats/min by 50% (n=10animals; p>0.05) 
 

Ambient  None Yes FO vs. N-6 in young animals 
- NC in  response of mitochondrial Ca2+concentration   

(n=5-6; p>0.05)  
FO vs. N-6 in aged animals  

- NC in response of Ca2+concentration (n=5-6; p>0.05) 
FO vs. FO (aged vs. young) 

- NC in response of Ca2+concentration (n=5-6; p>0.05) 
Ambient  
 

Norepinephri
ne (10-7 M): 
ß-adrenergic 
receptor 
stimulation 

Yes 
 

FO vs. N-6 in young animals 
- Decreased response of Ca2+concentration by 32% (n=5-

6; p<0.05) 
FO vs. N-6 in aged animals 

- Decreased response of Ca2+concentration by 35% (n=5-
6; p<0.05) 

FO vs. FO (aged vs. young) 
- NC in response of Ca2+concentration (n=5-6; p>0.05) 

Pepe, 
1999 

IPIM 
 

Myocardial 
mitochondria 
 

15-min low-flow 
ischemia, and 5-
min reperfusion 

None  FO vs. N-6 in young animals 
- Decreased response of Ca2+concentration (n=6; 

p<0.0001) 
FO vs. N-6 in aged animals 

- Decreased response of Ca2+concentration (n=6; p<0.05) 
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Results (n=cells) 

Swanson, 
1989 

IPIM SR vesicles Ambient None Yes SAF+MenO vs SAF+CO 
- Decreased relative activity of Ca2+-Mg2+ ATPase activity 

by 86% (n= 3 pools of 3 hearts per replicate; p<0.05) 
SAF+MenO vs SAF+CO 

- Decreased the initial (0-5 min) calcium transport rate by 
60% (n= 3 pools of 3 hearts per replicate; p<0.05) 

SAF+MenO vs SAF+CO 
- Decreased maximum sarcoplasmic reticulum calcium 

uptake by 62% (n= 3 pools of 3 hearts per replicate; 
p<0.01) 

Ambient None Yes CO+FO vs. CO 
- Decreased oxalate facilitated ATP dependent SR Ca2+ 

uptake by 30% (n=11-12; p<0.05)  
 

Ambient Calcium 
40uM +ATP 
50um 

Yes CO+FO vs. CO 
- Decreased Ca2+Mg2+ ATPase activity by 25% (n=11-12; 

p<0.05) 
- Decreased Ca2+ATPase activity (independent of Mg-

ATPase activity) by –27% (n=11-12; p<0.05) 

Taffet, 
1993 

IPIM 
 

Ventricular 
SR vesicle 

Ambient Calcium 
40uM +ATP 
50um 
+Ionomycin 
(800mM) 

Yes CO+FO vs. CO 
- Decreased Ca2+Mg2+ATPase activity by 27% (n=11-12; 

p<0.05) 
- Decreased Ca2+Mg2+ ATPase activity (independent of 

Mg2+ATPase activity) by 27% (n=11-12; p<0.05) 
- NC in Mg-ATPase activity (independent of Ca2+ATPase 

activity) (n=11-12; p>0.05) 
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Results (n=cells) 

   Ambient 40uM 
calcium+ 
1mM ATP 
+Ionomycin 
(800mM) 

Yes CO+FO vs. CO 
- Decreased Ca2+Mg2+ATPase activity by 23% (n=11-12; 

p<0.05) 
- Decreased Ca2+ATPase activity (independent of 

Mg2+ATPase activity) by 23% (n=11-12; p<0.05) 
- Decreased Mg2+ATPase activity (independent of 

Ca2+ATPase activity (%=ND); (n=11-12; p<0.05) 
- Decreased calcium accumulation by isolated SR by 27% 

(n=11-12; p<0.05) 
- NC in iononycin stimulation (n=11-12; p>0.05) 
- NC in acylphosphate (EP) (n=4; p>0.05) 
- Decreased turnover (Ca-ATPase/total EP) by 24% (n=11-

12; p<0.05) 
- Decreased turnover (Ca-ATPase/CaEP) by 17% (n=11-12; 

p<0.05) 
-  NC in coupling (ATP/Ca uptake) (n=11-12; p<0.05) 
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Evidence Table 3. Isolated Organ And Cell Culture Studies 

 
Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

Bayer, 
1979 

Germany, 
U 

Cat 
Adult heart 
in situ 

ALA-Na 
2mg/kg/min 
Free IV 

5 min BEP Ambient INDO ALA vs. Ctrl 
- No change in intra-atrial conduction time 
- No change in atrioventricular conduction time 
- No change in functional refractory period of the atrium 
- No change in functional refractory period of atrio-ventricular conducting system  

Bogdanov, 
1998 

Russia/USA 
U 

 Rat 
 Adult          
 Ventricular 

DHA 
5µM 
Free 

3-12 mins  ICU Ambient 
 

None DHA vs. Ctrl 
- Decreased Ito by 40% (n=ND; p=ND) which were not observed when 4-AP (5µM/ND) 

was present in the bath medium  
- Decreased Ito amplitude by 60% (n=ND; p=ND) 
- Increased Ito delay (n=ND; p=ND) 
- Decreased time constant of Ito inactivation (t) evoked by a voltage step from –70 to 

+60MV by 33% within 3mins (n=4; p<0.02).  
- Effects were reversible by BSA 

   DHA 
5µM 
Free 

3-12 mins  ICU Ambient 
 

INDO (10µM) 
Added with FA 

DHA+INDO vs. Ctrl+INDO 
- Presence of INDO did not modify effects on Ito indicating that effects of DHA were not 

related to its cyclooxygenase products (n=ND; p>0.05) 
   DHA 

50µM  
Free 

3-12 mins  ICU Ambient None DHA vs. Ctrl 
- Decreased ISUS by 32% (n=ND; p=ND) 
- No change in IKI at voltages between -120 to  -80mV (n=5; p>0.05) 

   EPA 
5-10µM  
Free 

3-12 mins  ICU Ambient None EPA vs. Ctrl 
- No change in of ISUS (n=4; p>0.05) 

   EPA 
20µM  
Free 

3-12 mins  ICU Ambient None EPA vs. Ctrl 
- Decreased ISUS by 16% (n=4; p<0.05) 

   EPA 
50µM  
Free 

3-12 mins  ICU Ambient None EPA vs. Ctrl 
- Decreased Ito by 73% (n=4; p<0.05) 
- Decreased ISUS by 56% (n=4; p<0.05) 
- No change in IKI  at voltages between -120 to  -80mV (n=5; p>0.05) 

   EPA 
5-10um 
Free 

10-15 mins  BEP Ambient None EPA vs. Ctrl 
- Increased AP (% in fig) (n=ND; p=ND) 
- No change in APA (n=ND; p>0.05) 

   EPA 
20uM 
Free 

10-15 mins  BEP Ambient  None EPA vs. Ctrl 
- Increased APD (% in fig) (n=ND; p=ND) 
- Decreased APA (% in fig) (n=ND; p<0.05) 
- Decreased Vmax (% in fig) (n=ND; p=ND) 

   DHA 
10-50µM  
Free 

10-15 mins  BEP Ambient  None DHA vs. Ctrl 
- Similar effects as EPA on APD, APA and Vmax  (data not shown) 
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    Appendix C 
Evidence Table 3. Isolated Organ And Cell Culture Studies 

 
Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

Courtois, 
1992 

France 
G 

Rat 
Neonatal 
Ventricular 

SM3-Na-
BSA 
(ALA+EPA) 
28.3+29.9
% of total 
FA’s 
Bound 

24 hour s CP Ambient None SM3 vs. Ctr l  
- No change in contraction rate (n=5; p>0.05) 
- No change in CD80 (n=5; p>0.05) 
- No change +C max  (n=5; p>0.05) 
- No change in -Cmax  (n=5; p>0.05) 
SM3 vs. SM6 
- No change in contraction rate (n=5; p>0.05) 
- No change in CD80 (n=5; p>0.05) 
- Increased +C max  (n=5; p<0.01) 
- No change in -Cmax  (n=5; p>0.05) 

   SM3-Na-
BSA 
(ALA+EPA) 
28.3+29.9
% of total 
FA’s 
Bound 

24 hour s CP Ambient 
 

ISO (10-7 M) 
Added after FA 

SM3+ISO vs. Ctrl+ISO 
- Decreased contraction rate by10% (n=5; p<0.05) 
- No change in CD80 (n=5; p>0.05) 
- No change in +C max (n=5; p>0.5) 
- No change in -Cmax  (n=5; p>0.05) 
SM3+ISO vs. SM6+ISO 
- No change in contraction rate (n=5; p>0.05) 
- No change in CD80 (n=5; p>0.05) 
- No change in +C max (n=5; p>0.05) 
- No change in -Cmax  (n=5; p>0.05) 
SM3+Iso vs. SM3 
- Increased contraction rate by 18% (n=5; p<0.01) 
- Decreased CD80 by –12% (n=5; p<0.01) 
- No change +C max  (n=5; p>0.05) 

- Decreased -Cmax by 13% (n=5; p<0.01) 
de Jonge, 
1996 

Netherlands  
G 

  Rat 
  Neonatal 
  Ventricular 

EPA 
214µM  
Bound 

4-5 days CP Ambient None EPA vs. Ctrl 
- Decreased irregularity of spontaneous contractions (n=4; p<0.05) 

Durot, 
1997 

France 
G 

Rat 
Neonatal 
Ventricular 

SM3 media 
containing 
25µM EPA-
Al +  
25µM 
DHA-Al 
Bound 

4 days BEP Ambient None SM3 vs. SM6 
- Increased Vmax by 16% (n=9; p<0.05) 
- No change in MDP (n=9; p>0.05) 
- No change in OS (n=9; p>0.05) 
- No change in AP (n=9; p>0.05) 
- No change in APA (n=9; p>0.05) 
- No change in APD40 (n=9; p>0.05) 
- No change in APD80 (n=9; p>0.05) 
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Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

   SM3 media 
containing 
25µM EPA-
Al +  
25µM 
DHA-Al 
Bound 

4 days BEP Hypoxia (N2) None SM3 vs. SM6 
- Decreased APA (% in fig)(n=5; p<0.05) 
- Decreased APD40 (% in fig) (n=5; p<0.01) 
- Decreased APD80 (% in fig)(n=5; p<0.05) 
- No change in MDP (n=5; p>0.05) 
- No change in AP (n=5; p>0.05) 
- No change in upstroke velocity (n=5; p>0.05) 
- No change in Vmax (n=5; p>0.05) 

Durot, 
1997 
 

France 
G 

Rat 
Neonatal 
Ventricular 

SM3 media 
containing 
25µM EPA-
Al +  
25µM 
DHA-Al 
Bound 

4 days BEP Reoxy 
(O2 for 1.5 hrs) 

None SM3 vs. SM6 
- No change in APA (n=5; p>0.05) 
- No change in APD40 (n=5; p>0.05) 
- No change in APD80 (n=5; p<0.05 ) 
- Recovery of MDP was significantly increased i.e. improvement (n=5, p<0.01) 
- No change in Vmax (n=5; p>0.05) 

   SM3 media 
containing 
25µM EPA-
Al +  
25µM 
DHA-Al 
Bound 

4 days CP Ambient None SM3 vs. SM6 
- No change in tC20 (n=6, p>0.05) 
- No change in CD20 (n=6, p>0.05) 
- No change in CD80 (n=6, p>0.05) 
- No change in +C max, (n=6, p>0.05) 
- No change in –Cmax  (n=6, p>0.05) 

   SM3 media 
containing 
25µM EPA-
Al +  
25µM 
DHA-Al 
Bound 

4 days CP Hypoxia (N2) None SM3 vs. SM6 
- No change in tC20 (n=6, p>0.05) 
- No change in CD20 (n=6, p>0.05) 
- No change in CD80 (n=6, p>0.05) 
- No change in +C max (n=6, p>0.05) 
- No change in –Cmax  (n=6, p>0.05) 

   SM3 media 
containing 
25µM EPA-
Al +  
25µM 
DHA-Al 
Bound 

4 days CP Reoxy 
(O2 for 1. 5 hrs) 

None SM3 vs. SM6 
- No change in tC20 (n=6, p>0.05) 
- No change in CD20 (n=6, p>0.05) 
- No change in CD80 (n=6, p>0.05) 
- No change in +C max (n=6, p>0.05) 
- No change in –Cmax  (n=6, p>0.05) 

Ferrier, 
2002 

Canada 
G 

Guinea Pig 
Adult 
Ventricular 

DHAm.e.  
10µM  
Free 

20 mins ICU Ambient  None DHAm.e. vs. Ctrl 
- Inhibition in the magnitude of the peak Ica.L by 85% (n=18-24; p<0.001) 
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Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

   DHAm.e.  
10µM  
Free 

20 mins CP Ambient None DHAm.e. vs. Ctrl 
- Decreased amplitude of CICR induced contractions by 93% (n=18-24; p<0.001) 
- No change in VSRM induced contractions (n=18-24; p>0.05) 

Fournier, 
1995 

France 
G/ NP 

Rat 
   Neonatal 
   Ventricular 

EPA 
100µM  
Bound 
DHA 
100µM  
Bound 

4 days   CP Ambient None EPA vs. DHA 
- No change in tC20 (n=11; p>0.05) 
- No change in CD20 (n=11; p>0.05) 
- No change in CD80 (n=11; p>0.05) 
- No change in +C max (n=11; p>0.05) 
- No change in –Cmax (n=11; p>0.05) 

Fournier, 
1995 

  France 
  G/ NP 

Rat 
   Neonatal 
   Ventricular 

EPA 
100µM  
Bound 
DHA 
100µM  
Bound 
 

4 days BEP Ambient None EPA vs. DHA 
- Increased APA due to a higher plateau phase (%in fig) (n=11; p<0.05) 
- Increased OS (% in fig) (n=11; p<0.05) 
- No change in MDP (n=11;p>0.05) 
- No change in ADP40 (n=11;p>0.05) 
- No change in ADP80 (n=11;p>0.05) 
- No change in AP (n=11;p>0.05) 
- No change in Vmax (n=11;p>0.05) 

Goel, 2002 Canada 
G/NP 

 Pig  
  Adult 
  Ventricular   
  SL vesicles  

EPA 
10µM  
Free 

90+/- 30s 
 

IPIM Ambient None EPA vs. Ctrl 
- No change in H+dependent Na+ uptake  (Na+/H+exchange) (n=3-5; p>0.05) 

   EPA 
25µM  
Free 

90+/- 30s 
 

IPIM Ambient None EPA vs. Ctrl 
- No change in H+dependent Na+ uptake  (Na+/H+exchange) (n=3-5; p>0.05) 

   EPA 
50µM  
Free 

90+/- 30s 
 

IPIM Ambient None EPA vs. Ctrl 
- Decreased H+dependent Na+ uptake by 24% (Na+/H+exchange) (n=3-5; p<0.05) 

which occurred at all reaction times (2-60 secs) and at all extravesicular pH values 
except pH 6 

- No change in passive Na+ efflux (n=6; p>0.05) 
   EPA 

100µM  
Free 

90+/- 30s 
 

IPIM Ambient None EPA vs. Ctrl 
- Decreased H+dependent Na+ uptake  (Na+/H+exchange) (% in fig) (n=3-5; p<0.05) 

which occurred at all reaction times (2-60 secs) and at all extravesicular pH values 
except pH 6 

   DHA 
10µM  
Free 

90+/- 30s 
 

IPIM Ambient None DHA vs. Ctrl 
- No change in H+dependent Na+ uptake  (Na+/H+exchange) (n=3-5; p>0.05) 

   DHA 
25µM  
Free 

90+/- 30s 
 

IPIM Ambient None DHA vs. Ctrl 
- Decreased H+dependent Na+ uptake  (Na+/H+exchange) (% in fig) (n=3-5; p<0.05) 
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Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

   DHA 
50µM  
Free 

90+/- 30s 
 

IPIM Ambient None DHA vs. Ctrl 
- Decreased H+dependent Na+ uptake  (Na+/H+exchange) by 34% (n=3-5; p<0.05) 
- No change in passive Na+ efflux (n=6; p>0.05) 

   DHA 
100µM  
Free 

90+/- 30s 
 

IPIM Ambient None DHA vs. Ctrl 
- Decreased H+dependent Na+ uptake  (Na+/H+exchange) (% in fig) (n=3-5; p<0.05) 

   ALA 
50µM  
Free 

90+/- 30s 
 

IPIM Ambient None ALA vs. Ctrl 
- No change in H+dependent Na+ uptake  (Na+/H+exchange) (n=3-5; p>0.05) 

   DHA 
50µM  
Free 

90+/- 30s 
 

IPIM Ambient Na+  
(0.05, 2.5 or 
10mM) 

DHA vs. Ctrl 
- Decreasd H+ dependent Na+ uptake  (Na+/H+exchange) as a function of Na+ by 30-

40% (n=3-4; p<0.05) 
Grynberg, 
1988 

France 
G 

Rats 
Neonatal 
Ventricular 

SM3 media 
containing 
57% 
ALA+7%LA 
+0.2% AA 
as Na-Al 

24 hours BEP 
 

Ambient None SM3 vs. SM6 
- No change in AP  (n=11, p>0.05) 
- No change in APA (n=11, p>0.05) 
- No change in APD40  (n=11, p>0.05) 
- No change in APD80  (n=11, p>0.05) 
- No change in MDP  (n=11, p>0.05) 
- No change in OS  (n=11, p>0.05) 
- No change in Vmax  (n=11, p>0.05) 

   SM3 media 
containing 
57% 
ALA+7%LA 
+0.2% AA 
as Na-Al 

24 hours BEP Hypoxia 
(N2) 

None SM3 vs. SM6 
- No change in AP (n=11; p>0.05) 
- Decreased APA (n=11, p<0.01). 
- No change in APD40  (n=11, p>0.05) 
- No change in APD80  (n=11, p>0.05) 
- No change in MDP  (n=11, p>0.05) 
- Decreased OS  (n=11, p<0.05) 
- No change in Vmax  (n=11, p>0.05) 

   SM3 media 
containing 
57% 
ALA+7%LA 
+0.2% AA 
as Na-Al 

24 hours BEP Reoxy 
(O2) 

None SM3 vs. SM6 
- No change in AP (n=11, p>0.05) 
- Increased APA (n=11, p<0.01) 
- No change in APD40  (n=11, p>0.05) 
- No change in APD80  (n=11, p>0.05) 
- No change in MDP  (n=11, p>0.05) 
- Increased OS  (n=11, p<0.05) 
- No change in Vmax  (n=11, p>0.05) 
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Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

   SM3 media 
containing 
57% 
ALA+7%LA 
+0.2% AA 
as Na-Al 

24 hours CP Ambient None SM3 vs. SM6 
- No change in tC20 (n=11, p>0.05) 
- No change in CD80 (n=11, p>0.05) 

   SM3 media 
containing 
57% 
ALA+7%LA 
+0.2% AA 
as Na-Al 

24 hours CP Hypoxia 
(N2) 

None SM3 vs. SM6 
- No change in tC20 (n=11, p>0.05) 
- No change in CD80 (n=11, p>0.05) 

   SM3 media 
containing 
57% 
ALA+7%LA 
+0.2% AA 
as Na-Al 

24 hours CP Reoxy 
(O2) 

None SM3 vs. SM6 
- No change in tC20 (n=11, p>0.05) 
- No change in CD80 (n=11, p>0.05) 

Grynberg, 
1995 

France  
G/NP 
 

Rat 
   Neonatal    
   Ventricular 

EPA-Na-
BSA 
100µM  
DHA-Na-
BSA 
100µM  
Bound 

4 days CP Ambient None EPA vs. DHA 
- No change in spontaneous beating frequency (n=12; p>0.05) 
- No change in CD20 (n=12; p>0.05) 
- No change in CD80 (n=12; p>0.05) 
- No change in +C max  (n=12; p>0.05) 
- No change in –Cmax  (n=12; p>0.05) 

   EPA-Na-
BSA 
100µM  
DHA-Na-
BSA 
100µM  
Bound 

4 days CP Ambient  ISO (10-7 M) 
Added after FA 
 

EPA+ISO vs. DHA+ISO 
- Decreased spontaneous beating frequency by 40% (n=6; p<0.05) 
- No change in normalized CD80 (n=6; p>0.05) 
EPA+ISO vs. EPA 
- Increased spontaneous beating frequency by 30% (n=6; p<0.05) 
DHA+ISO vs. DHA 
- Increased spontaneous beating frequency by 50% (n=6; p<0.05) 

   EPA-Na-
BSA 
100µM  
DHA-Na-
BSA 
100µM  
Bound 

4 days CP Ambient  
 

Phe (3 x10-6 M) 
Added after FA 
 

EPA+Phe vs. DHA+Phe 
- No change in spontaneous beating rate (n=6; p>0.05) 
- No change in CD80 (n=6; p>0.05) 
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Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

   EPA-Na-
BSA 
100µM  
DHA-Na-
BSA 
100µM  
Bound 

4 days CP Ambient 
 

dBcAMP 
(10-73M) 
Added after FA 
 

EPA+dBcAMP vs. DHA+dBcAMP 
- Decreased spontaneous beating rate (% in fig) (n=6; p<0.05) 
EPA+dBcAMP vs. EPA 
- Increased spontaneous beating rate by 40% (n=6; p=ND) 
DHA+dBcAMP vs. DHA 
- Increased spontaneous beating rate by 60% (n=6; p=ND) 

Grynberg, 
1996 

France 
U 

Rat 
Neonatal 

  Ventricular 

EPA-
Albumin 
0.1mM 
Bound 
DHA-
Albumin 
0.1mM 
Bound 

4 days CP Ambient None - EPA vs. DHA 
- No change in spontaneous rate (n=10; p>0.05) 
- No change in CD20 (n=10; p>0.05) 
- No change in CD80 (n=10; p>0.05) 
- No change in +C max (n=10; p>0.05) 
- No change in –Cmax (n=10; p>0.05) 

   EPA-
Albumin 
0.1mM 
Bound 
  

4 days CP Ambient Phe  
(3x10-6M) 

EPA+Phe vs. DHPA+Phe 
- No change in contraction rate (n=10; p>0.05) 

Grynberg, 
1996 
 

France 
U 

Rat 
Neonatal 
Ventricular 

EPA-
Albumin 
0.1mM 
Bound 
DHA-
Albumin 
0.1mM 
Bound  

4 days CP Ambient ISO  
(10-6M) 

EPA+ISO vs. DHA+ISO 
- Decreased contraction rate (% in fig) (n=10; p<0.01)  

   EPA-
Albumin 
0.1mM 
Bound 
DHA-
Albumin 
0.1mM 
Bound 

4 days CP Ambient dBcAMP  
(10-3M) 

EPA+dBcAMP vs. DHA+dBcAMP 
- Decreased contraction rate (% in fig) (n=10; p<0.01) 
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Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

   EPA-
Albumin 
0.1mM 
Bound 
DHA-
Albumin 
0.1mM 
Bound 

4 days BEP Ambient None EPA vs..DHA 
- Increased APA by 3% (n=10; p<0.05) 
- Increased OS by 13% (n=10; p0<0.05) 
- No change in MDP (n=10; p>0.05) 
- No change in APD80 (n=10; p>0.05) 
- No change in Vmax (n=10; p>0.05) 

Hallaq, 
1990 

USA/Germany  
G  

  Rat 
  Neonatal 
  Cardiac  

EPA 
5µM 
Bound 

3-5 days  CP Ambient None EPA vs. Ctrl 
- No change in amplitude of contraction (n=6; p>0.05) 
- No change in beats/min (n=6; p>0.05) 

   EPA 
5µM 
Bound 

3-5 days  CP Ambient 
 

OUA (0.1mM) 
Added after FA 

EPA+OUA vs. Ctrl+OUA 
- Increased amplitude of contraction by 156% (n=6; p<0.001) 
- Decreased beats/min by 67% (n=6; p<0.001) 
EPA vs. EPA+OUA 
- Increased amplitude of contraction by 33% (n=6; p<0.001) 
- Decreased beats/min by 31% (n=6; p<0.001) 

   EPA 
5µM 
Bound 

3-5 days  IPIM Ambient None EPA vs. Ctrl 
- No change in cytosolic free Ca2+ (n=8; p>0.05) 

   EPA 
5µM 
Bound 

3-5 days  IPIM Ambient OUA (1µM) 
Added after FA 

EPA+OUA vs. Ctrl+OUA 
- No change in time averaged cytosolic free Ca2+ induced by OUA (n=3; p>0.05) 

     EPA 
5µM 
Bound 

3-5 days  IPIM Ambient 
 

OUA (0.1mM) 
Added after FA 

EPA+OUA vs. Ctrl+OUA 
- Decreased time averaged cytosolic free Ca2+ induced by OUA by 75% (n=5; p<0.001) 

Hallaq, 
1990 
 

USA/Germany  
G  

  Rat 
  Neonatal 
  Cardiac  

EPA 
5µM 
Bound 

3-5 days  IPIM Ambient 
 

OUA (0.1mM) 
Added after FA 

EPA+OUA vs. Ctrl+OU A 
- No change in OUA sensitive Na, K-ATPase (pump activity) measured as the rate of 

influx of 86Rb into myocytes (n=10; p>0.05) 
- No change in OUA sensitive Na, K-ATPase (pump activity) measured using NADH-

coupled enzyme assay to determine rate of ATP hydrolysis by Na, K-ATPase (n=3; 
p>0.05) 

   EPA 
5µM 
Bound 

3-5 days  IPIM Ambient 
 

BUME (10µM) 
Added after FA 

EPA+BUME vs. Ctrl+BUME 
- No change in BUME sensitive Na, K-ATPase (pump activity) measured as the rate of 

influx of 86Rb into myocytes which also indicates that the facilitated cotransport 
pathway for Na+, K+ and 2Cl- is not affected by EPA (n=11; p>0.05) 

   EPA 
5µM 
Bound 

3-5 days  IPIM Ambient 
 

OUA+BUME 
(0.1mM+10 µM) 
Added after FA 

EPA+OUA+BUME vs. Ctrl+OUA+BUME 
- No change in total Na, K-ATPase (pump activity) measured as the rate of influx of 

86Rb into myocytes (n=11; p>0.05) 
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Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

Hallaq, 
1992 

USA  
G  

 Rat 
 Neonatal         
 Ventricular 
  

DHA 
5µM 
Free 

1-2mins  CP Ambient None DHA vs. Ctrl 
- No change in contractility (n=6; p>0.05) 

   DHA  
5µM 
Free 

1-2mins  CP Ambient 
 

OUA (0.1mM) 
Added before or 
after FA 

DHA+OUA vs. Ctrl+OUA 
- Prevented or Terminated arrhythmia’s (n=10; p<0.05) 

   DHA 
5µM 
Free 

1-2mins  CP Ambient NIT (0.5nM) 
Added with FA 

DHA+NIT vs. NIT 
- Prevented the inhibitory effect of NIT on contractility (n=6; p<0.05) 

   DHA 
5µM 
Free 

1-2mins  CP Ambient BAY (0.1µM) 
Added after FA 

DHA+BAY vs. Ctrl+BAY 
- Prevented the inhibitory effects of BAY on contractility (n=4; p<0.05) 

   DHA 
5µM 
Free 

1-2mins  CP Ambient VER (10µM) or 
DIL (1µM) 
Added with FA 

DHA+VER or DIL vs. Ctrl+VER or DIL 
- Did not prevent the inhibitory effects of VER or DIL on contractility (n=3-4; p=ND) 

   EPA 
5µM 
Free 

1-2mins  CP Ambient 
 

OUA (0.1mM) 
Added after FA 

EPA+OUA vs. Ctrl+OUA 
- Prevented arrhythmia (n=ND; p<0.05) 

   EPA  
5µM 
Bound 

4 days ICH Ambient NIT (0.03–10 nM) 
Added after FA 

EPA vs. Ctrl 
- Noncompetitive inhibition of the specific binding of NIT by reducing the maximal 

binding of [3H] NIT 
- Decreased Kd value of high affinity binding site by 97% (n=5-10; p<0.05) 
- Decreased the number of high affinity binding sites (BMAX) by –90% (n=5-10; p<0.01) 
- Decreased Kd value of low affinity binding site by 74% (n=5-10; p<0.01) 
- Decreased the number of low affinity binding sites (BMAX) by 60% (n=5-10; p<0.05) 

Hallaq, 
1992 
 

USA  
G  

Rat 
 Neonatal         
 Ventricular 

DHA 
5µM 
Bound 

4 days ICH Ambient 
 
 

NIT (0.03–10 nM) 
Added after FA 

DHA vs. Ctrl 
- Kd value of high affinity binding site was non detectable due to suppression by DHA 

(n=5-10; p<0.001) 
- Number of high affinity binding sites (BMAX) was non detectable due to suppression by 

DHA (n=5-10; p<0.001) 
- Decreased Kd value of low affinity binding site by 78% (n=5-10; p<0.01) 
- Decreased the number of low affinity binding sites (BMAX) by 64% (n=5-10; p<0.05) 

   DHA 
5uM 
Bound 

4 days IPIM Ambient OUA (0.1mM) 
45Ca2+ 

DHA+OUA vs. OUA 
- Decreased 45Ca2+ uptake (Ca2+ influx) by 29% (n=4-11; p<0.025) 

   DHA 
5µM 
Bound 

4 days IPIM Ambient NIT (0.5nM) 
Added after FA 

DHA+NIT vs. Ctrl+NIT 
- Increased 45Ca2+ uptake (Ca2+ influx) by 28% (n=5-14; p=ND) 
- DHA+NIT vs. DHA 
- No change in 45Ca2+ uptake (Ca2+ influx) (n=5-14; p>0.05) 
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Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

   DHA 
5µM 
Bound 

4 days IPIM Ambient 
 

BAY (0.1µM) 
Added after FA 

DHA+BAY vs. Ctrl+BAY 
- Decreased 45Ca2+ uptake (Ca2+ influx) by 32% (n=5-14; p=ND) 
DHA+BAY vs. DHA 
- No change in 45Ca2+ uptake (Ca2+ influx) (n=5-14; p>0.05) 

   DHA 
5µM 
Bound 

4 days IPIM Ambient  OUA+ NIT 
(0.1mM+0.5 
nM) 
Added after FA 

DHA+OUA+NIT vs. Ctrl+OUA+NIT 
- Increased 45Ca2+ uptake (Ca2+ influx) by 13% (n=5-14; p=ND) 
DHA+OUA+NIT vs. DHA 
- No change in 45Ca2+ uptake (Ca2+ influx) (n=5-14; p>0.05) 

   DHA 
5µM 
Bound 

4 days IPIM Ambient 
 

BAY+ NIT 
(0.1µM+ 0.5 
nM) 
Added after FA 

DHA+BAY+NIT vs. Ctrl+BAY+NIT 
- Increased 45Ca2+ uptake (Ca2+ influx) by 55% (n=5-14; p=ND) 
DHA+Bay+NIT vs. DHA 
- No change in 45Ca2+ uptake (Ca2+ influx) (n=5-14; p>0.05) 

   EPA 
5µM 
Bound 

4 days IPIM Ambient NIT (0.5nM) 
Added after FA 

EPA+NIT vs. Ctrl+NIT 
- Increased 45Ca2+ uptake (Ca2+ influx) by 34% (n=5-14; p=ND) 
EPA+NIT vs. EPA 
- No change in 45Ca2+ uptake (Ca2+ influx) (n=5-14; p>0.05) 

   EPA 
5µM 
Bound 

4 days IPIM Ambient BAY (0.1µM) 
Added after FA 

EPA+BAY vs. Ctrl+BAY 
- Decreased 45Ca2+ uptake (Ca2+ influx) by 30% (n=5-14; p=ND) 
EPA+BAY vs. EPA 
- No change in 45Ca2+ uptake (Ca2+ influx) (n=5-14; p>0.05) 

   EPA 
5µM 
Bound 

4 days IPIM Ambient OUA+ NIT 
(0.1mM+0.5 
nM) 
Added after FA 

EPA+OUA+NIT vs. Ctrl+OUA+NIT 
- Increased 45Ca2+ uptake (Ca2+ influx) by 20% (n=5-14; p=ND) 
EPA+OUA+NIT vs. EPA 
- No change in 45Ca2+ uptake (Ca2+ influx) (n=5-14; p>0.05) 

   EPA 
5µM 
Bound 

4 days IPIM Ambient BAY+ NIT 
(0.1µM+0.5 nM) 
Added after FA 

EPA+BAY+NIT vs. Ctrl+BAY+NIT 
- Increased 45Ca2+ uptake (Ca2+ influx) by 39% (n=5-14; p=ND) 
EPA+BAY+NIT vs. EPA 
- No change in 45Ca2+ uptake (Ca2+ influx) (n=5-14; p>0.05) 

Honore, 
1994 

France 
G/NP 

Mouse 
Neonatal 
Ventricular 

 

DHA 
30µM  
Free 

ND ICH Ambient None DHA vs. Ctrl 
- Blocked delayed rectifier K+ channel (Kv1.5) activity (% in fig) (n=5-11; p<0.05) 

   ALA 
ND 
ND 

ND ICH Ambient None ALA vs. Ctrl 
- No change in delayed rectifier K+ channel (Kv1.5) activity (n=ND; p>0.05) 

   DHA 
30µM  
Free 

ND ICU Ambient None DHA vs. Ctrl 
- Intracellular DHA included in the pipette medium did not alter the Kv1.5 current (n=9; 

p>0.05) 
- Addition of DHA to the external medium inhibited the Kv1.5 current within 20 seconds 

indicating that binding occurs on an external site (n=9; p<0.05) 
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Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

   DHA 
30µM  
Free 

ND ICU Ambient None DHA vs. Ctrl 
- No change in inward rectifier K+ current (n=4; p>0.05) 
- Decreased ultra rapid K+ current (IKUR) measured at +30mV by 52% (n=4; p<0.05)  

Jahangiri, 
2000 

Australia 
U 

Rat 
Adult 
Atrial 

EPA 
10µM  
Free 

7 mins CP Ambient ISO (10µM) 
Added with FA 

EPA+ISO vs. Ctrl+ISO 
- Decreased the number of asynchronously contracting atr ial myocytes by 76% 

(n=107/7hearts; p<0.01) 
   DHA 

10µM  
Free 

7 mins CPr Ambient ISO (10µM) 
Added with FA 

DHA+ISO vs. Ctrl+ISO 
- Decreased the number of asynchronously contracting atrial myocytes by 69% 

(n=101/5 hearts; p<0.05) 
   DHA m.e 

10µM 
Free 

7 mins CP Ambient ISO (10µM) 
Added with FA 

DHA m.e+ISO vs. Ctrl+ISO 
- No change in the number of asynchronously contracting atrial myocytes (n=71/4 

hearts; p>0.05) 
Juan, 1987 
 

Austria 
U 

Guinea Pigs 
Adult 
Isolated 
heart 

EPA-Na 
6x10-

8mol/min 
Free 

30mins  CP Ambient Antigen-ovalbumin
(1mg/0.1ml) 
Added before FA 

EPA+Antigen vs. Ctrl+Antigen 
- No change in duration of arrhythmia (n=8; p>0.05) 

   EPA-Na 
15x10-

8mol/min 
Free 

30mins  CP Ambient Antigen-ovalbumin
(1mg/0.1ml) 
Antioxidant-
esculetin 
(1x10-7mol) 
Added before FA 

EPA+antigen vs. Ctrl+Antigen 
- Decreased duration of arrhythmia by 56% (n=8; p<0.05) 
EPA+Antioxidant+Antigen vs. Ctrl+Antigen 
- Decreased duration of arrhythmia by 52% (n=5; p<0.05) 

Kang, 1994 USA 
G  

Rat 
Neonatal 
Cardiac  

EPA  
5-10µM  
Free 

3 mins CP Ambient None EPA vs. Ctrl 
- Decreased contraction rate by 50 to 80% within 2 mins (n=46; p<0.05) and effects 

were reversed by BSA 
- No change in amplitude of contraction (n=ND; p>0.05) 

   DHA 
5-10µM  
Free 

3 mins CP Ambient None DHA vs. Ctrl 
- Decreased contraction rate by 50 to 80% within 2 mins (n=32; p<0.05) and effects 

were reversed by BSA 
- No change in amplitude of contraction (n=ND; p>0.05) 

Kang, 1994 
 

USA 
G  

Rat 
Neonatal 
Cardiac  

EPA 
5-10µM  
Free 

3 mins  CP Ambient 
 

INDO (10-
20µM/) 
BW755c (20 
µM)  
BHT (0.005%/  
Vitamin E 
(0.5uNIT/ml) 
and ETYA (ND) 
Added with FA 

EPA+agents vs. Ctrl+agents 
- No change in EPA induced reductions in beating rate (n=ND; p>0.05) 
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Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

   EPA 
5-10µM  
Free 

3 mins  CP Ambient Ca2+ (7-10µM) 
Added before or 
after FA 

EPA+Ca2+ vs. Ctrl+Ca2+ 
- Prevented or Terminated arrhythmia (n=ND; p<0.05) and the effects were reversible 

by BSA 
   DHA 

5-10µM  
Free 

3 mins  CP Ambient Ca2+ (7-10µM) 
Added before or 
after FA 

DHA+Ca2+ vs. Ctrl+Ca2+ 
- Prevented or Terminated arrhythmia (n=ND; p<0.05) and the effects were reversible 

by BSA 
   EPA 

5-10µM  
Free 

3 mins  CP Ambient OUA (0.1mM) 
Added before 
FA 

EPA+OUA vs. Ctrl+OUA 
- Terminated contractures/fibrillations (n=ND; p<0.05) and the effects were reversible 

by BSA 
   DHA 

5-10µM  
Free 

3 mins  CP Ambient OUA (0.1mM) 
Added before 
FA 

DHA+OUA vs. Ctrl+OUA 
- Terminated contractures/fibrillation (n=ND; p<0.05) and the effects were reversible by 

BSA 
   ALA 

5-10µM  
Free 

3 mins CP Ambient None ALA vs. Ctrl 
- Decreased beating rate by 40% (mean of the range (n=5; p<0. 05) and the effects 

were reversible by BSA 
   EPA e.e 

5-10µM  
Free 

3 mins CP Ambient None EPAe.e vs. Ctrl 
- No change in beating rate (n=3; p>0.05) 

Kang, 
1995a 

USA 
G 

Rats 
Neonatal 
Ventricular 

EPA 
10µM  
Free 

2-5 mins 
 
 
 
 
 
 
 

 

BEP Ambient None EPA vs. Ctrl 
- Hyperpolarizing RMP by 5±1 mV (n=8, p<0.05). The effect was reversible by BSA 

(2mg/ml).  
- Depolarizing APT by 9±3 mV (n=8, p<0.05). The effect was reversible by BSA 

(2mg/ml).  
- Decreased APD75 by 21% (n=8, p<0.01) 
- No change in APA (n=8, p>0.05) 
- No change in Vmax (n=8, p>0.05) 
- Decreased action-potential frequency by 50% after 3 minutes EPA addition (n=8, 

p<0.05) 
- Increased the stimulation strengths required to initiate action potentials by 49% 

(n=ND, p<0.01) Effect was reversible by BSA 
Kang, 
1995b 

USA 
G/NP 

Rat 
Neonatal 
Cardiac  

EPA 
5-10µM  
Free 

5mins  CP Ambient ISO (3uM) 
Added before or 
after FA 

EPA+ISO vs. ISO 
- Prevented or Terminated arrhythmia within 2-3 mins (n=8; p<0.05) 
- Decreased contraction rate (%=ND) (n=5; p=ND) 
- Effects were reversible by BSA  

Kang, 
1995b 

USA 
G/NP 

Rat 
Neonatal 
Cardiac  

EPA 
5-10µM  
Free 

5 mins CP Ambient ISO (3uM)+ 
INDO (20 uM/)+ 
BW (ND) 
Added before 
FA 

EPA+ISO+INDO+BW vs. Ctrl+ISO+INDO+BW 
- Prevented arrhythmia (n=3; p<0.05) 
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Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

   DHA 
5-10µM  
Free 

5 mins CP Ambient ISO (3uM)+ 
INDO (20 uM/)+ 
BW (ND) 
Added before 
FA 

DHA+ISO+INDO+BW vs. Ctrl+ISO+INDO+BW 
- Prevented arrhythmia (n=3; p<0.05) 

   EPA 
5-10µM  
Free 

5 mins CP Ambient cAMP (250uM) 
Added after FA 

EPA+cAMP vs. Ctrl+cAMP 
- Terminated arrhythmias w/in 3-5min (n=5; p<0.05) 

   EPA  
8µM 
Free 

5 mins CP Ambient Cholera toxin 
(2ug/ml) (Gs 
protein 
activator) 

EPA+Cholera toxin vs. Cholera toxin 
- Decreased beating rate (%=ND) (n=4; p=ND) 
- Effects were reversed by BSA 

Kang , 
1996 

USA 
G  

Rat 
Neonatal 
Cardiac  

EPA 
10-15µM  
Free 

3-7 mins CP Ambient LPC (5-10 µM) 
Added before or 
3-5 mins after 
FA 

EPA+LPC vs. Ctrl+LPC  
- Prevented tachycardia and slowed beating rate with 2-3 mins and also terminated 

arrhythmia (n=5; p<0.05) 
- Effects were reversible by BSA 

   DHA 
10-15µM  
Free 

3-7 mins CP Ambient LPC (5-10 µM) 
Added before 
FA 

DHA+LPC vs. Ctrl+LPC  
- Prevented tachycardia and slowed beating rate with 2-3 mins (n=5; p<0.05) 
- Effects were reversible by BSA 

   ALA 
10-15µM  
Free 

3-7 mins CP Ambient LPC (5-10 µM) 
Added before 
FA 

ALA+LPC vs. Ctrl+LPC  
- Prevented tachycardia and slowed beating rate with 2-3 mins (n=5; p<0.05) 
- Effects were reversible by BSA 

   EPA 
10-15µM  
Free 

3-7 mins CP Ambient PTC (2-10 µM) 
Added before or 
after FA 

EPA+PTC vs. Ctrl+LPC 
- Prevented or Terminated occurrence of arrhythmia (n=5;p<0.05) 
- Effects were reversible by BSA 

   DHA 
10-15µM  
Free 

3-7 mins CP Ambient PTC (2-10 µM) 
Added before or 
after FA 

DHA+PTC vs. Ctrl+LPC 
- Prevented or Terminated occurrence of arrhythmia (n=5;p<0.05) 

   ALA 
10-15µM  
Free 

3-7 mins CP Ambient PTC (2-10 µM) 
Added before or 
after FA 

ALA+PTC vs. Ctrl+LPC  
- Prevented or Terminated occurrence of arrhythmia (n=5;p<0.05) 

   EPA 
10-15µM  
Free 

7mins  CP Ambient Ca2+ionophore 
(5µM) 
Added before 
FA 

EPA+ Ca2+ vs. Ctrl+ Ca2+ 

- Prevented or Terminated occurrence of arrhythmia (n=5;p<0.05) 

   EPA 
15µM  
Free 

3-5mins  CP Ambient Electrical 
pacing (15V) 

EPA vs. Ctrl 
- Decreased electrical automaticity/ excitability of the cardiac myocyte by 50% (n=7; 

p<0.01) 
Kang , 
1996 

USA 
G  

Rat 
Neonatal 
Cardiac  

EPA 
10-15µM  
Free 

7mins  IPIM Ambient None EPA vs. Ctrl 
- No change in systolic and diastolic (cytosolic) Ca2+ (n=6; p>0.05) 
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Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

   EPA 
10-15µM  
Free 

7mins  IPIM Arr 
 

LPC (5-10 µM) 
Added before 
FA 

EPA+LPC vs. Ctrl+LPC  
- Terminated intermittent fluctuation of Ca2+ (n=6; p<0.05) 

Kang, 1997 USA 
G 

Rats 
Neonatal 
Cardiac  

EPA  
20µM  
Bound 

3-4 days ICH Ambient None EPA vs. Ctrl 
- No change in the number of Na+ channels per 106 cell, measured by the binding of 

[3H] BTXB (n=4, p>0.05) 
   EPA  

20µM  
Bound 

3-4 days ICH Ambient MEX (20 uM) EPA+MEX vs. Ctrl+ MEX 
- Decreased the number of Na+ channels per 106 cell by 40% to 50% (n=4, p<0.05) 
- Decreased the MEX induced increase in cardiac Na+ channel expression 

Leifert, 
1999 

Australia 
U 

Rat 
Adult 
Ventricular 

DHA 
25µM  
Free 

4 mins ICU Ambient None DHA vs. Ctrl 
- Decreased INa peak current amplitude by 42% (n=7; p=ND) 

   DHA 
25µM  
Free 

4 mins ICU Ambient None DHA vs. Ctrl 
- Shifted the voltage dependence of INa activation to more positive potentials as 

indicated by a decrease in Gmas by 35% and a shift of V’ to a more positive potentialby 
21% (n=5; p<0.01) 

- Shifted the voltage dependence of of INa inactivation to more negative potentials as 
indicated by a decrease in Imax by 36% and a shift of V’ to more hyperpolarized 
potentials by 30% (n=5; p<0.01) 

   EPA 
25µM  
Free 

4 mins ICU Ambient None EPA vs. Ctrl 
- Shifted the voltage dependence of INa activation to more positive potentials as 

indicated by a decrease in Gmas by-30% and a shift of V’ to a more positive potential 
by 26% (n=10; p<0.001) 

- Shifted the voltage dependence of of INa inactivation to more negative potentials as 
indicated by a decrease in Imax by 35% and a shift of V’ to more hyperpolarized 
potentials by 25% (n=10; p<0.01) 

   ALA 
25µM  
Free 

4 mins ICU Ambient None ALA vs. Ctrl 
- Shifted the voltage dependence of INa activation to more positive potentials as 

indicated by a decrease in Gmas by 18% and a shift of V’ to a more positive potential 
by 25% (n=6; p<0.001) 

- Shifted the voltage dependence of of INa inactivation to more negative potentials as 
indicated by a decrease in Imax by 25% and a shift of V’ to more hyperpolarized 
potentials by 30% (n=6; p<0.01) 

Leifert, 
2000b 

Australia 
U 

Rat 
Adult 
Ventricular 

DHA 
10µM  
Free 

ND CP Ambient ISO (10um) 
Added 5 mins 
after FA 

DHA+ISO vs. Docasanoic Acid+ISO 
- Decreased spontaneous contractions by 85% (n=5; p<0.01) 

   DHA 
10µM  
Free 

ND CP Ambient LPC (10um) 
Added 5 mins 
after FA 

DHA+LPC vs. Stearic Acid+LPC  
- Decrease in spontaneous contractions by 77% (n=4; p<0.01) 
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Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

Leifert, 
2000b 

Australia 
U 

Rat 
Adult 
Ventricular 

DHA 
10µM  
Free 

ND CP Ambient Electrical 
Stimulation 
(1Hz at 25 V) 

DHA vs. Stearic Acid 
- Decrease in asynchronous contractions by 61% (n=4; p<0.05) 

Li, 1997 USA 
G 

Rat 
Neonatal 
Cardiac  

EPA 
10µM   
Free 

ND CP Ambient Eicosanoids  
PGD2+PGE2+P
GF2 +U46619 
(3µm-0.5µM) 

EPA vs. Ctrl 
- Terminated the arrhythmias and contractures within 2-3 minutes (n=ND, p<0.05), 

followed by a slow beating rate.  

Macleod,  
1998 

New Zealand 
G/NP 
 

Rat 
Adult 
Ventricular 

EPA  
1-7.5uM  
Free 

5 mins CP Ambient None EPA vs. Ctrl 
- Increased (prolonged) twitch size (%=ND) (n=6-8; p=ND) 

   DHA 
1-7.5uM  
Free 

5 mins CP Ambient None DHA vs. Ctrl 
- Increased (prolonged)  twitch size (%=ND) (n=6-8; p=ND) 

   EPA 
>10M 
Free 

5 mins CP Ambient None EPA vs. Ctrl 
- Decreased twitch size (%=ND) (n=6-8; p=ND) 

   DHA 
>10M 
Free 

5 mins CP Ambient None DHA vs. Ctrl 
- Decreased twitch size (%=ND) (n=6-8; p=ND) 

   EPA  
1-7.5uM  
Free 

5 mins BEP Ambient None EPA vs. Ctrl 
- Dose dependant increase (lengthening of early plateau potential) in ADP80 (%=ND) 

(n=11-14; p=ND) 
   DHA 

1-7.5uM  
Free 

5 mins BEP Ambient None DHA vs. Ctrl 
- Dose dependant increase (lengthening of early plateau potential) in ADP80 (%=ND) 

(n=11-14; p=ND) 
   EPA 

>10M 
Free 

5 mins BEP Ambient None EPA vs. Ctrl 
- Dose dependant decrease in ADP80 (%=ND) (n=11-14; p=ND) 

   DHA 
>10M 
Free 

5 mins BEP Ambient None DHA vs. Ctrl 
- Dose dependant decrease in ADP80 (%=ND) (n=11-14; p=ND) 

   EPA 
5,10 or 
20uM 
Free 

5 mins ICU Ambient None EPA vs. Ctrl 
- Dose dependant decrease of the peak amplitude of the INa  (%=ND) (n=6-8; p=ND)  

   DHA 
5,10 or 
20uM 
Free 

5 mins ICU Ambient None DHA vs. Ctrl 
- Dose dependant decrease of the peak amplitude of the INa  (%=ND) (n=6-8; p=ND)  
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Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

   EPA  
5,7.5 or 
10uM 
Free 

5 mins ICU Ambient None EPA vs. Ctrl 
- Dose dependant decrease of the peak ICa.L (%=ND) (n=5-8; p=ND)  

Macleod,  
1998 

New Zealand 
G/NP 
 

Rat 
Adult 
Ventricular 

DHA 
5,7.5 or 
10uM 
Free 

5 mins ICU Ambient None DHA vs. Ctrl 
- Dose dependant decrease of the peak ICa.L (%=ND) (n=5-8; p=ND)  

   EPA  
0.1-10uM  
Free 

5 mins ICU Ambient None EPA vs. Ctrl 
- Dose dependant decrease of Ito (%=ND) (n=5-8; p=ND)  

   DHA 
0.1-10uM  
Free 

5 mins ICU Ambient None DHA vs. Ctrl 
- Dose dependant decrease of Ito (%=ND) (n=5-8; p=ND)  

   EPA 
2um 
Free 

5 mins ICU Ambient None EPA vs. Ctrl  
- Decreased IK and IKI by 30-40%(n=ND; p=ND) 

   EPA 
5um 
Free 

5 mins ICU Ambient None EPA vs. Ctrl  
- Decreased IK and IKI by 50-60% (n=ND; p=ND) 

  Guinea Pig 
Adult 
Ventricular 

EPA 
5-20µM  
Free 

5 mins CP Ambient None EPA vs. Ctrl 
- Dose dependant decrease in twitch size (%=ND) (n=6-8; p=ND) 

   DHA 
5-20µM  
Free 

5 mins CP Ambient None DHA vs. Ctrl 
- Dose dependant decrease in twitch size (%=ND) (n=6-8; p=ND) 

   EPA 
1-20µM  
Free 

5 mins BEP Ambient None EPA vs. Ctrl 
- Dose dependant reduction in ADP80 (%=ND) (n=12-16; p=ND) 

   DHA 
1-20µM  
Free 

5 mins BEP Ambient None DHA vs. Ctrl 
- Dose dependant reduction in ADP80 (%=ND) (n=12-16; p=ND) 

   EPA 
5,10 or 
20µM  
Free 

5 mins ICU Ambient None EPA vs. Ctrl 
- Dose dependant decrease of the peak amplitude of INa (%=ND) (n=8-10; p=ND)  

   DHA 
5,10 or 
20µM  
Free 

5 mins ICU Ambient None DHA vs. Ctrl 
- Dose dependant decrease of the peak amplitude of INa (%=ND) (n=8-10; p=ND)  
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Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

   EPA 
5,7.5 or 
10µM  
Free 

5 mins ICU Ambient None EPA vs. Ctrl 
- Dose dependant decrease of the peak ICa.L  (%=ND) (n=6-10; p=ND)  

Macleod,  
1998 
 

New Zealand 
G/NP 
 

Guinea Pig 
Adult 
Ventricular 

DHA 
5,7.5 or 
10µM  
Free 

5 mins ICU Ambient None DHA vs. Ctrl 
- Dose dependant decrease of the peak ICa.L (%=ND) (n=6-10; p=ND)  

   EPA 
2um 
Free 

5 mins ICU Ambient None EPA vs. Ctrl  
- Decreased IK and IKI by 10% (n=5-8; p=ND) 

   EPA 
5um 
Free 

5 mins ICU Ambient None EPA vs. Ctrl  
- Decreased IK and IKI by 30-40% (n=5-8; p=ND) 

Negretti, 
2000 

Venezuela 
G/NP 

Rat 
Adult 
Ventricular 

EPA 
10µM  
Free 

3 mins CP Ambient None EPA vs. Ctrl 
- Increased resting cell length by 2% (n=6, p<0.001). 
- Decreased the spontaneous contraction frequency (n=47 out of 57; p<0.001) 
- Effects were reversible by BSA 

   EPA 
10µM  
Free 

3 mins IPIM Ambient None EPA vs. Ctrl 
- Decreased the frequency of spontaneous waves of calcium release (n=47 out of 57; 

p<0.001) 
- Decreased the amplitude of the wave by 16% (n=41, p<0.001) 
- Effects were reversible by BSA 

   EPA 
10µM  
Free 

3 mins IPIM Ambient Ca2+  (10uM)  EPA vs. Ctrl 
- Decreased the basal level of [Ca2+] by 6% (n=46, p<0.005). The effect was reversible 

by BSA.  
   EPA 

5µM 
Free 

3 mins IPIM Ambient Caffeine 
(10mM) 

EPA vs. Ctrl 
- Increased the SR calcium content indicated by an increase in the caffeine induced 

Na+-Ca2+ exchange current by 41%  (n=4, p<0.05).  
   DHA 

5µM 
Free 

3 mins IPIM Ambient Caffeine 
(10mM) 

DHA vs. Ctrl 
- Increased the SR calcium content indicated by an increase in the caffeine induced 

Na+-Ca2+ exchange current by 41%  (n=4, p<0.05).  
   EPA 

10µM  
Free 

3 mins ICU Ambient None EPA vs. Ctrl 
- Decreased the amplitude of ICa.L (n=5; p<0.05) 

   DHA 
10µM  
Free 

3 mins ICU Ambient None DHA vs. Ctrl 
- Decreased the amplitude of ICa.L (n=5; p<0.05) 
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Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

O'Neill,  
2002 

UK/Venezuela 
G/NP 

Rat 
ND 
Ventricular 

EPA 
10uM 
Free 

ND ICU Ambient 
 

None EPA vs. Ctrl 
- Decreased frequency of transient inward currents that accompany spontaneous 

waves of CICR by 33% (n=6; p<0.05) 
- Increased amplitude of currents activated by each wave by 29% (n-6; p<0.05) 

   EPA 
10uM 
Free 

ND IPIM Ambient 
 

None EPA vs. Ctrl 
- Decreased resting cytosolic Ca2+ due to decrease Ca2+  influx across surface 

membrane  and not due to increased activation of efflux pathways(n=6; p<0.05) 
O'Neill,  
2002 

UK/Venezuela 
G/NP 

Rat 
ND 
Ventricular 

EPA 
10uM 
Free 

ND IPIM Ambient 
 

None EPA vs. Ctrl 
- Decreased wave frequency activated by Ca2+ efflux  (% in fig) (n=6; p<0.01) 
- Increased efflux of Ca2+ activated by individual waves by 12% (n=6; p<0.05) 
- Decreased wave generated efflux per unit time by 19% (n=6; p<0.01)  
- Decreased total efflux (% in fig) (n=6; p<0.01) 

   EPA 
10uM 
Free 

ND IPIM Ambient Caffeine 
(10mM/ND) 

EPA+Caffeine vs. Ctrl+Caffeine 
- No change in surface membrane Ca2+ efflux pathway (n=12; p>0.1) 

Pepe, 1994 USA 
G 

Rat 
Young 
Adult 
Cardiac  

DHA 
5µM 
Free 

4 mins CP 
 
 

Ambient None DHA vs. Ctrl 
- No change in DL (n=6, p>0.05) 
- No change in TA t50 (n=6, p>0.05) 
- No change in VS/DL (n=6; p>0.05) 

   DHA 
5µM 
Free 

4 mins CP 
 
 

Ambient NIT (10nM) DHA+NIT vs. Ctrl+NIT 
- Blocked NIT effect on TA (n=6, p<0.05) 
- Blocked NIT effect on VS/DL (n=6; p<0.05) 
- Effects were reversible by BSA 

   DHA 
5µM 
Free 

4 mins CP 
 
 

Ambient BAY (10nM) DHA+BAY vs. Ctrl+BAY 
- Blocked NIT effect on TA (n=6, p<0.05) 
- Blocked NIT effect on VS/DL (n=6; p<0.05) 
- Effects were reversible by BSA 

   DHA 
5µM 
Free 

4 mins CP 
 
 

Ambient ISO (0.1-1uM) DHA+ISO vs. Ctrl+ISO 
- No change in TA (n=6, p>0.05) 
- No change in DL (n=6; p>0.05) 
- Effects were reversible by BSA 

   DHA 
5µM 
Free 

4 mins ICU 
 
 

Ambient None DHA vs. Ctrl 
- No change in peak ICa.L amplitude (n=6; p>0.05) 
-  

   DHA 
5µM 
Free 

4 mins ICU 
 
 

Ambient NIT (10nM) DHA+NIT vs. Ctrl+NIT 
- Increased peak ICa.L amplitude by 50% (n=6; p<0.05) 
- Effects were reversible by BSA 

   DHA 
5µM 
Free 

4 mins ICU 
 
 

Ambient BAY (10nM) DHA+BAY vs. Ctrl+BAY 
- Blocked the BAY induced increase in peak ICa.L amplitude (n=6; p<0.05) 
- Effects were reversible by BSA 



See abbreviations in List of Acronyms, Abbreviations, and Parameters 59 

    Appendix C 
Evidence Table 3. Isolated Organ And Cell Culture Studies 

 
Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

   DHA 
5µM 
Free 

4 mins ICU 
 
 

Ambient ISO (0.1-1uM) DHA+ISO vs. Ctrl+ISO 
- No change in peak ICa.L amplitude (n=6; p>0.05) 
-  

   DHA 
5µM 
Free 

4 mins IPIM 
 
 

Ambient None DHA vs. Ctrl 
- No change in IFTAdias and IFR t50 indicating no change in cytosolic Ca2+ and Cai2+ 

transient amplitude (n=6; p>0.05) 
   DHA 

5µM 
Free 

4 mins IPIM 
 
 

Ambient NIT (10nM) DHA+NIT vs. Ctrl+NIT 
- Inhibited NIT blockage of the L-type calcium channel influx (n=6; p<0.05) 
- Blocked NIT effect on IFTAdias (n=6; p<0.05) 
- Effects were reversible by BSA 

Pepe, 1994 
 

USA 
G 

Rat 
Young 
Adult 
Cardiac  

DHA 
5µM 
Free 

4 mins IPIM 
 

Ambient BAY (10nM) DHA+BAY vs. Ctrl+BAY 
- Inhibited BAY induced potentiation of  L-type calcium channel influx (n=6; p<0.05) 
- Blocked BAY effect on IFTAdias (n=6; p<0.05) 
- Effects were reversible by BSA 

   DHA 
5µM 
Free 

4 mins IPIM 
 
 

Ambient ISO (0.1-1uM) DHA+ISO vs. Ctrl+ISO 
- No change in ISO induced increase in cytosolic calcium content (n=6; p>0.05) 

Phiipson, 
1985 

USA 
G 
 

Dog 
Adult 
Ventricular 
SL vesicles  

ALA 
30µM  
Free 

1.5 sec  IPIM Ambient Ca2+(10uM) 
Added before 
FA 

ALA vs. Ctrl 
- Increased Na+-Ca2+ exchange measured as Na+ dependent Ca2+ uptake by 112% 

(n=9, p<0.05) 
- Preincubation with ALA to ensure complete incorporation resulted in the max imal 

stimulation of Na+ dependent Ca2+ influx being about 40% less than when the 
vesicles were only briefly exposed to ALA.  

   ALA 
20µM  
Free 

2 mins IPIM Ambient Preloaded Ca2+ 

(47.9 nMl) 
ALA vs. Ctrl  
- Increased passive Ca2+ efflux by 147% (n=3, p<0.05) 

Phiipson, 
1987 

USA 
G 

Dog 
Adult 
Ventricular 
SL vesicles  

ALA 
60µM  
Free 

1.5 sec  IPIM Ambient Ca2+(10uM) ALA vs. Ctrl 
- Increased Na+-Ca2+ exchange measured as Na+ dependent Ca2+ uptake by 87% (n=3, 

p<0.05) 

   ALA 
30µM  
Free 

2 minutes IPIM Ambient Preloaded Ca2+ 

(52.3 nM) 
ALA vs. Ctrl  
- Increased passive Ca2+ efflux by 170% (n=4, p<0.05) 

Ponsard, 
1999 

France 
NP 

  Rat 
  Neonatal 
  Ventricular  

EPA+DHA-
Albumin 
4.6+6.5% 
Bound 

4 days CP Ambient 
 

None EPA+DHA vs. Ctrl 
- No change in CR (n=13; p>0.05) 
- No change in CD20 (n=13; p>0.05) 
- No change in CD80 (n=13; p>0.05) 
- No change in +C max (n=13; p>0.05) 
- No change in –Cmax (n=13; p>0.05) 
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Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

   EPA+DHA-
Albumin 
4.6+6.5% 
Bound 

4 days CP Ambient 
 

ISO  
(10-7M) 

EPA+DHA+ISO vs. N-6+ISO 
- Increased CR by 66% (n=7; p<0.05) 
- No change in CD20 (n=7; p>0.05) 
- No change in CD80 (n=7; p>0.05) 
- No change in +C max  (n=7; p>0.05) 
- No change in –Cmax  (n=7; p>0.05) 

   EPA+DHA-
Albumin 
4.6+6.5% 
Bound 

4 days CP Ambient PHE 
 (10-6M) 

EPA+DHA+PHE vs. N-6+PHE 
- Increased CR by 115% (n=6; p<0.05) 
- No change in CD20 (n=6; p>0.05) 
- No change in CD80 (n=6; p>0.05) 
- No change in +C max  (n=6; p>0.05) 
- No change in –Cmax  (n=6; p>0.05) 

Ponsard, 
1999 

France 
NP 

  Rat 
  Neonatal 
  Ventricular  

EPA+DHA-
Albumin 
4.6+6.5% 
Bound 

4 days CP Normoxia- 
Posthypoxic 
Reoxy 

ISO 
(10-7M) 

EPA+DHA+ISO in Hypoxia vs. EPA+DHA+ISO in Normoxia 
- Increased CR  (% in fig) (n=6; p<0.001) 
- No change in CD20 (n=6; p>0.05) 
- No change in CD80 (n=6; p>0.05) 
- Increased +C max (%=ND) (n=6; p<0.05) 
- No change in  –Cmax   (n=6; p>0.05) 

   EPA+DHA-
Albumin 
4.6+6.5% 
Bound 

4 days CP Normoxia- 
Posthypoxic 
Reoxy 

PHE 
(10-6M) 

EPA+DHA+PHE in Hypoxia vs. EPA+DHA+PHE in Normoxia 
- No change (n=6; p>0.05) 
- No change in CD20 (n=6; p>0.05) 
- No change in CD80 (n=6; p>0.05) 
- No change in +C max (n=6; p>0.05) 
- No change in -C ax   (n=6; p>0.05) 

Reithman, 
1996 

Germany  
U 
  
 

Rat  
Neonatal 
Cardiac  

DHA  
60µM  
Bound 

3 days BEP Ambient None DHA vs. Ctrl 
- Increased amplitude by 20% (n=28-29; p<0.05) 
- No change in APR (n=14-19; p>0.05) 

   DHA  
60µM  
Bound 

3 days BEP Ambient 
 

NA + TIM 
(100µmol/L+10 
µmol/L) 

DHA+NA+TIM vs. Ctrl+NA+TIM 
- Decreased APR by 28% (n=14-19; p<0.05) 

   DHA  
60µM  
Bound 

3 days CP Ambient 
 

NA + TIM 
(100µmol/L+10 
µmol/L) 

DHA+NA+TIM vs. Ctrl+NA+TIM 
- Decreased arrhythmias by 84% (n=15-28; p<0.01) 

 
   DHA  

60µM  
Bound 

3 days BEP Ambient Isoprenaline 
(10 µmol/L)  

DHA+Isoprenaline vs. Ctrl+Isoprenaline 
- Decreased APR by 26% (n=10-11; p<0.05) 

 
   DHA  

60µM  
Bound 

3 days BEP Ambient OUA  
(10 µmol/L) 

DHA+OUA vs. Ctrl+OUA 
- Decreased APR by 16% (n=4 ; p<.05) 
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Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

Rinaldi, 
2002 

Italy 
NP 

Rat 
Adult 
Ventricular  

DHA 
10µM  
Free 

20 minutes 
(acute)  

IPIM Ambient None DHA vs. Ctrl 
- - No change in basal cytosolic Ca2+ levels  (n=9; p>0.5) 

   DHA 
10µM  
Free 

3 days 
(chronic) 

IPIM Ambient None DHA vs. Ctrl 
- - No change in cytosolic Ca2+ levels  (n=9; p>0.5) 

   DHA 
10µM  
Free 

20 minutes 
(acute)  

IPIM Ambient ET-1  
(100nM) 

DHA+ET-1 vs. Ctrl 
- Increased ET -1 induced cytosolic Ca2+ levels by 128% (n=9; p<0.01) 

 
   DHA 

10µM  
Free 

3 days 
(chronic) 

IPIM Ambient ET-1  
(100nM) 

DHA+ET-1 vs. Ctrl 
- Increased ET -1 induced cytosolic Ca2+ by 148% (n=9; p<0.01) 

   DHA 
10µM  
Free 

20 minutes 
(acute)  

IPIM Ambient 
 

KCl  
(50mM) 
Added after FA 

DHA+KCl vs. Ctrl  
- Decreased Ca2+ by 71% (n=9; p<0.01) 

 
Rinaldi, 
2002 
 

Italy 
NP 

Rat 
  Adult                             
Ventricular 

DHA 
10µM  
Free 

3 days 
(chronic) 

IPIM Ambient 
 

KCl  
(50mM) 
Added after FA 

DHA+KCl vs. Ctrl+KCl 
- Decreased Ca2+ by 48% (n=9; p<0.01) 

   DHA 
10µM  
Free 

20 minutes 
(acute) 
3 days 
(chronic) 

IPIM Ambient 
 

KCl  
(50mM) 
Added after FA 

DHA+ET-1 (chronic) vs. DHA+ET-1 (acute) 
- Decreased Ca2+ by 17% (n=9; p<0.01) 

   DHA 
10µM  
Free  

20 minutes 
(acute)  

IPIM Anoxia 
 

97%N2 and 3% 
CO2 

DHA+Anoxic Soln vs. Ctrl 
- Decreased Ca2+ by 58% (n=9; p<0.01) 

   DHA 
10µM  
Free 

3 days 
(chronic) 

IPIM Anoxia 
 

97%N2 and 3% 
CO2 

DHA+Anoxic Soln vs. Ctrl 
- Decreased Ca2+ by 83% (n=9; p<0.01) 

    DHA 
10µM  
Free 

20 minutes 
(acute) 
3 days 
(chronic) 

IPIM Anoxia 97%N2 and 3% 
CO2 

DHA+Anoxic Soln (chronic) vs. DHA+Anoxic Soln (acute) 
- Decreased Ca2+ by 59% (n=9; p<0.01) 

   DHA 
10µM  
Free 

20 minutes 
(acute)  

IPIM Anoxia 97%N2 and 3% 
CO2+ KCl 
(50mM) 

DHA+Anoxic Soln+KCl vs. Ctrl 
- Decreased Ca2+ (%=ND) (n=9 ;p<0.01) 

   DHA 
10µM  
Free 

3 days 
(chronic) 

IPIM Anoxia 97%N2 and 3% 
CO2+ KCl 
(50mM) 

DHA+Anoxic Soln+KCl vs. Ctrl 
- Decreased Ca2+ (%=ND) (n=9; p<0.01) 



See abbreviations in List of Acronyms, Abbreviations, and Parameters 62 

    Appendix C 
Evidence Table 3. Isolated Organ And Cell Culture Studies 

 
Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

   DHA 
10µM  
Free 

20 minutes 
(acute) 
3 days 
(chronic) 

IPIM Anoxia 97%N2 and 3% 
CO2+ KCl 
(50mM) 

DHA+Anoxic Soln+KCl (chronic) vs. DHA+Anoxic Soln+KCl (acute) 
- Decreased Ca2+ by 70% (n=9; p<0.01) 

   DHA 
10µM  
Free 

20 minutes 
(acute)  

IPIM Anoxia 
 

97%N2 and 3% 
CO2+ ET-1 
(100nM) 

DHA+Anoxic Soln+ET -1 vs. Ctrl 
- Decreased Ca2+ (%=ND) (n=9; p<0.01) 

   DHA 
10µM  
Free 

3 days 
(chronic) 

IPIM Anoxia 97%N2 and 3% 
CO2+ ET-1 
(100nM) 

DHA+Anoxic Soln+ET -1 vs. Ctrl 
- Decreased Ca2+ (%=ND) (n=9; p<0.01) 

   DHA 
10µM  
Free  

20 minutes 
(acute) 
3 days 
(chronic) 

IPIM Anoxia 97%N2 and 3% 
CO2+ ET-1 
(100nM) 

DHA+Anoxic Soln+ET -1 (bound) vs. DHA+Anoxic Soln+ET-1 (free) 
- Decreased Ca2+ by 70% (n=9; p<0.01) 

   ALA-Na 
2mg/kg/min 
Free as IV 
 

5 mins CP Ambient None ALA-Na vs. Ctrl 
- No change in intra-atrial conduction time (AC) (n=7; p>0.05) 
- No change in atrio-ventricular conductance time (AVC) (n=7; p>0.05) 
- No change in functional refractory period of the atrium (ARP) (n=7; p>0.05) 
- No change in functional refractory period of atrio-ventricular conducting system 

(AVRP) (n=7; p>0.05) 
Rodrigo, 
1999 

New Zealand 
G/NP 

Rat 
Adult 
Ventricular 

EPA 
5µM 
Free 
 

10 mins CP Ambient None EPA vs. Ctrl 
- Decreased twitch contraction size by 70 (n=8; p<0.001)  
- Effects were reversible by BSA 

   EPA 
5µM 
Free 
 

10 mins ICU Ambient None EPA vs. Ctrl 
- Decreased ICa.L by 72% (n=8; p<0.001) 
- Effects were reversible by BSA 

  Guinea Pig 
Adult 
Ventricular 

EPA 
5µM 
Free 
 

10 mins CP Ambient None EPA vs. Ctrl 
- Initial increase in twitch contraction size (% cell shortening) followed by a decrease in 

twitch contraction strength by –88% (n=7; p<0.001)  
- Effects were partially reversible by BSA 

  Guinea Pig 
Adult 
Ventricular  

EPA 
5µM 
Free 

10 mins ICU Ambient None EPA vs. Ctrl 
- Decreased ICa.L by 64% (n=11; p<0.001)  
- Effects were reversible by BSA 
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Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

  Rat 
Adult 
Skinned/  
Saponin 
Permealize
d 
Ventricular 

EPA 
5uM 
Free 

10mins  CP + 
IPIM 

Ambient Ca2+ (133-
267nM) 
Added before 
FA 

EPA+Ca2+ vs. Ctrl+Ca2+ 

- Decreased frequency of spontaneous contractions (%=ND) (n=5; p<0.05) due to an 
inhibition of SR Ca2+ release 

- No change in degree of relaxation between spontaneous contractions (n=5; p>0.05) 

   EPA 
10µM  
Free 

10mins  CP+ IPIM Ambient Ca2+ (133-
267nM) 
Added before 
FA 

EPA+Ca2+ vs. Ctrl+Ca2+ 

- Decreased frequency of spontaneous contractions (%=ND) (n=5; p<0.05) due to an 
inhibition of SR Ca2+ release 

- No change in degree of relaxation between spontaneous contractions (n=5; p>0.05) 
  Guinea Pig 

Adult 
Skinned/  
Saponin 
Permealize
d 
Ventricular 

EPA 
5µM 
Free 

10 mins CP Ambient Ca2+ (133-
267nM) 
Added before 
FA 

EPA+Ca2+ vs. Ctrl+Ca2+ 

- Decreased frequency of spontaneous contractions (%=ND) (n=5; p<0.05) due to an 
inhibition of SR Ca2+ release 

- No change in degree of relaxation between spontaneous contractions (n=5; p>0.05) 

Vitelli, 2002 Italy 
U 

Rat 
Adult 
Ventricular 

DHA 
10µM  
Free 

20 mins IPIM Ambient Ca2+ free KRB 
 (1.8mM) 

DHA vs. Ctrl 
- No change in basal level of cytosolic Ca2+  (n=ND; p>0.01) 

   DHA 
10µM  
Free 

20 mins IPIM Ambient 
 

CaCl2 KRB 
(1.8mM) 

DHA vs. Ctrl 
- No change in basal level of cytosolic Ca2+  (n=ND; p>0.01) 

Vitelli, 2002 Italy 
U 

Rat 
Adult 
Ventricular 

DHA 
10µM  
Free 

20 mins IPIM Ambient 
 

DXR  
(100uM) 
Added after FA 
Ca2+ free KRB 
 (1.8mM) 

DHA+DXR vs. Ctrl+DXR 
- Decreased peak level of Ca2+ (n=ND; p<0.01) 
DHA+DXR vs. Ctrl 
- No change in peak level of Ca2+ (n=ND; p>0.05) 
DHA+DXR vs. DHA 
- No change in peak level of Ca2+ (n=ND; p>0.05) 

   DHA 
10µM  
Free 

20 mins IPIM Ambient  DXR  
(100uM) 
Added after FA 
CaCl2 KRB 
(1.8mM) 

DHA+DXR vx Ctrl+DXR 
- Decreased peak level of Ca2+ (n=9; p<0.01) 
DHA+DXR vs. Ctrl 
- No change in peak level of Ca2+ (n=9; p>0.05) 
DHA+DXR vs. DHA 
- No change in peak level of Ca2+ (n=9; p>0.05) 

   DHA 
10µM  
Free 

20 mins IPIM Ambient Caff (10mM) 
Added after FA 
Ca2+ free KRB 
(1.8mM) 

DHA+Caff vx Ctrl+Caff 
- Decreased peak level of Ca2+ (n=9; p<0.01) 
DHA+DXR vs. Ctrl 
- No change in peak level of Ca2+ (n=9; p>0.05) 
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Author, yr Study 

Characteristics 
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Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

   DHA 
10µM  
Free 

20 mins IPIM Ambient Caff (10mM) 
Added after FA 
CaCl2 KRB 
(1.8mM) 

DHA+Caff vx Ctrl+Caff 
- Decreased peak level of Ca2+ (n=9; p<0.01) 
DHA+DXR vs. Ctrl 
- No change in peak level of Ca2+ (n=9; p>0.05) 

Weylandt, 
1996 

USA 
G 

Rat 
Neonatal 
Cardiac  

EPA  
15µM  
DHA 
15µM  
Bound 

 48 hrs CP Ambient ISO  
(3-10uM) 

EPA+ISO vs. Ctrl+ISO 
- No change in arrhythmias (n =51-107; p=ND) 
EPA+ISO vs. DHA+ISO 
- No change in arrhythmias (n=51-107; p>0.1) 

   DHA 
15µM  
 Bound 

>48 hrs CP Ambient ISO  
(3-10uM) 

DHA+ISO vs. Ctrl+ISO 
- No change in arrhythmias (n=13 -51; p>0.1) 

   EPA  
15µM  
DHA 
15µM  
 Bound 

 48 hrs CP Ambient Ca2+ 
(7mM) 

EPA+ Ca2+vs. Ctrl+ Ca2+ 
- No change in arrhythmias (n =14-20; p>0.1) 
EPA+ Ca2+vs. DHA+ Ca2+ 
- No change in arrhythmias (n=6-14; p>0.1) 

   DHA 
15µM  
 Bound 

 48 hrs CP Ambient Ca2+ 
(7mM) 

DHA+Ca2+ vs. Ctrl+Ca2+ 
- No change in arrhythmias (n=6-20; p>0.1) 

   DHA 
15µM  
Free 

3-12mins  CP Ambient ISO  
(3-10uM) 
Added before 
FA 

DHA+ISO vs. Ctrl+ISO 
- Terminated arrhythmias (n=8; p<0.05) 

   EPA 
15µM  
Free 

3-12mins  CP Ambient ISO  
(3-10uM) 
Added before 
FA 

EPA +ISO vs. Ctrl+ISO 
- Terminated arrhythmias (n=8; p<0.05) 

Weylandt, 
1996 
 

USA 
G 

  Rat 
  Neonatal 
  Cardiac  

DHA 
15µM  
Bound 
EPA 
15µM  
Free 

3-12mins  
48 hrs  

CP Ambient ISO  
(3-10uM) 
Added before 
FA 

DHA v s. DHA+ISO 
- Terminated arrhythmias (n=23; p<0.05) 
EPA vs. EPA+ISO 
- Terminated arrhythmias (n=23; p<0.05) 

 

   DHA or 
EPA 
15µM  
Free 

3-12mins  CP Ambient Ca2+ 
(7mM)) 

DHA+Ca2+ vs. Ctrl+Ca2+ 
- Decreased arrhythmias by -83% (n=12; p<0.05) 
EPA vs. Ctrl+Ca2+ 
- Decreased arrhythmias by -83% (n=12; p<0.05) 
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    Appendix C 
Evidence Table 3. Isolated Organ And Cell Culture Studies 

 
Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

   DHA or 
EPA 15µM  
Bound 
DHA or 
EPA 
15µM  
Free 

3-12mins  
48 hrs 

CP Ambient Ca2+ 
(7mM) 

DHA (free) vs. DHA (bound)+Ca2+ 
- Decrease in arrhythmias by -90% (n=10; p<0.05) 
EPA (free) vs. EPA (bound)+Ca2+ 

- Decrease in arrhythmias by -90% (n=10; p<0.05) 

Xiao, 1995 USA 
G 

Rat 
Neonatal 
Ventricular 

EPA 
5-10µM  
Free 

ND ICU Ambient None EPA vs. Ctrl 
- Suppressed voltage activated Na+ currents within 2mins which was reversible by BSA 

(n=6; p<0.05) 
- No change in current-voltage relations or in the activation and inactivation time 

constants of Na+ current (n=10; p>0.05) 
   EPA 

10-40µM  
Free 

ND ICU Ambient None EPA vs. Ctrl 
- Suppressed Na+ current by 68% to 99% with 10um and 40um EPA respectively 

indicating a dose dependent effect (n=4-10; p<0.05) 
   EPA 

10µM  
Free 

ND ICU Ambient None EPA vs..Ctrl 
- Modified the voltage dependence of the steady state inactivation of INa (n=7; 

p<0.001). Inhibition of 83% at –80mV and 29% at –150mV indicating a voltage 
dependent effect. Application of a train of stimulating pulses at freq.l of 1.0, 0.2, 0.1, 
or 0.03 Hz had no effect on time required to attain same level of inhibition of INa 
independent of concentration (n=5; p>0.05) (time and dose but not use dependent 
effect) 

   EPA 
5µM 
Free 

ND ICU Ambient None EPA vs. Ctrl 
- Inhibition of INa by 51% (n=10; p<0.01) 

   DHA 
5µM 
Free 

    DHA vs. Ctrl 
- Inhibition of INa by 52% (n=7; p<0.01) 

   EPA 
10µM  
Free 

ND ICU Ambient None EPA vs. Ctrl 
- Inhibition of INa by 64% (n=21; p<0.001) 

Xiao, 1995 USA 
G 

Rat 
Neonatal 
Ventricular 

DHA 
10µM  
Free 

ND ICU Ambient None DHA vs. Ctrl 
- Inhibition of INa by 66% (n=7; p<0.05) 

   ALA 
10µM  
Free 

ND ICU Ambient None ALA vs. Ctrl 
- Inhibition of INa by 71% (n=5; p<0.05) 
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    Appendix C 
Evidence Table 3. Isolated Organ And Cell Culture Studies 

 
Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

   EPA 
1.5µM  
Free 

ND ICU Ambient None EPA vs. Ctrl 
- Decreased ICa,L by 50% (n=11; p<0.05) and effects were partially reversible by BSA 
- No change in shape of current voltage relationship (n=11; p>0.05) 
- Negative shift (3.33+/- 0.4 mV) of the ICa,L inactivation curve (n=11;p<0.05) and effects 

were reversible by BSA  
Xiao, 1997 USA 

G 
Rat 
Neonatal 
Ventricular 

EPA 
0.1-40µM  
Free 

ND ICU Ambient None EPA vs. Ctrl 
- Time and dose dependant decrease in ICa,L within seconds (n=6; p<0.05) 
- ICa,L was almost completely inhibited when the concentration of EPA was above 5 uM  

   EPA 
1µM  
Free 

ND ICU Ambient None EPA vs. Ctrl 
- Decreased ICa,L by 33% when elicited from the holding potential –40 to 0mV than from 

-80 to 0mV indicating a voltage dependent effect (n=6; p<0.05) 
- Effect was also time but not frequency or use-dependent (n=4; p>0.05) 

   EPA 
5µM 
Free 

ND ICU Ambient None EPA vs. Ctrl 
- Inhibition of ICa,L  by 83% (n=5; p<0.01) 
- EPA, DHA and ALA had similar effects on the steady -state inactivation of the calcium 

cannel (approx 3 to 5 mV shift to negative potentials a the V1/2 point) 
   DHA  

5µM 
Free 

ND ICU Ambient None DHA vs. Ctrl 
- Inhibition of ICa,L by 62% (n=6; p<0.01) 

   ALA  
5µM 
Free 

ND ICU Ambient None ALA vs. Ctrl 
- Inhibition of ICa,L by 77% (n=5; p<0.01) 

   EPA 
1µM   
Free 

ND ICU Ambient None EPA vs. Ctrl 
- Suppression of ICa,L by 57% (n=5; p<0.01) 

   EPA 
5µM 
Free 

ND ICU Ambient None EPA vs.. Ctrl 
- Suppression of ICa,L  by 47% (n=8; p<0.01) 

 
   EPA 

1.5µM  
Free 

ND IPIM Ambient None EPA vs. Ctrl 
- Decreased the calcium transients induced by ICa,L (n=ND;p<0.01)  

   EPA 
15µM  
Free 

ND ICU Ambient None EPA vs. Ctrl 
- Decreased the calcium transients induced by ICa,L  (n=ND; p<0.01)  
- Decreased SR Ca2+release (n=ND; p<0.05) 
- No change in time constant of decay (tau) or temporal and spatial spread of the 

calcium sparks (n 33-46; p>0.05) indicating no direct action of EPA on SR Ca2+ 
release or re-uptake 

Xiao, 2002 USA 
G/ NP 

Ferret 
Adult 
Atrial 

DHA 
10µM  
Free 

ND ICU Ambient None DHA vs. Ctrl 
- Decreased Ik by 62% -69% (n=7-12; p<0.05) 
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Evidence Table 3. Isolated Organ And Cell Culture Studies 

 
Author, yr Study 

Characteristics 
[Country: 
Funding:] 

Cells 
[Animal: 
Age: 
Type:] 

Fatty Acid 
[N3: 
Dose: 
Form:] 

Incubation/ 
Exposure 
Duration 

Outcome 
Category 

Experimental 
Condition 

Agent  
[Amt] 

Results 

  Ferret 
Adult 
VentrIcular 

DHA 
0.2-50µM  
Free 

ND ICU Ambient 
 

None DHA vs. Ctrl 
- Dose dependant decrease in Ik (% in fig) (n=6; p<0.05) 

   DHA 
5µM 
Free 

ND ICU Ambient 
 

None DHA vs. Ctrl 
- Decreased Ik by 31% (n=12; p<0.05) 
- No change in IKI (n=6; p>0.05) 

   DHA 
10µM  
Free 

ND ICU Ambient 
 

None DHA vs. Ctrl 
- Decreased Ik by 42% regardless of holding potential (n=8; p<0.05) 
- Decreased Ito by 57% (n=7; p<0.001) 
- No change in IKI (n=5; p>0.05) 

   DHA 
20µM  
Free 

ND ICU Ambient 
 

None DHA vs. Ctrl 
- Decreased Ik by 50% (n=6; p<0.01) 
- No change in IKI (n=2; p>0.05) 

   DHA 
50µM  
Free 

ND ICU Ambient 
 

None DHA vs. Ctrl 
- Decreased Ik by 61% (n=11; p<0.001) 

   EPA 
5µM 
Free 

ND ICU Ambient 
 

None EPA vs. Ctrl 
- Decreased Ik by 26% (n=6; p<0.05) 

   EPA 
10µM  
Free 

ND ICU Ambient 
 

None EPA vs. Ctrl 
- Decreased Ik by 40% (n=8; p<0.001) 
- Decreased Ito by 67% (n=4; p<0.01) 
- No change in IKI (n=ND; p>0.05) 

   ALA 
5µM 
Free 

ND ICU Ambient 
 

None ALA vs. Ctrl 
- Decreased Ik by 22% (n=7; p<0.01) 

   ALA 
10µM  
Free 

ND ICU Ambient 
 

None ALA vs. Ctrl 
- Decreased Ik by 46% (n=8; p<0.001) 
- Decreased Ito by 49% (n=4; p<0.05) 
- No change in IKI (n=ND; p>0.05) 

   DHA 
10µM  
Free 

ND ICU Ambient 
 

Sta (0.1µmol/L) 
Added before 
FA 

DHA+Sta vs. Ctrl+Sta 
- Decreased Ik by 65% (n=5; p<0.05) 
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