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Review Article

Antiarrhythmic effects of n-3 polyunsaturated fatty
acids
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The n-3 or omega 3 polyunsaturated fatty acidsagpeomising dietary preventive therapy for cardsmdar
disease. The main dietary source of n-3 polyumated fatty acids comes from sea fish. During megears,
the subject of antiarrhythmic role of n-3 polyunsated fatty acids has been investigated extenysiv&lgreat
deal of evidence has shown that the antiarrhytheffiect of n-3 polyunsaturated fatty acids is exarby
altering the electrophysiology of myocytes. Thiticke is intended to review specifically this robé n-3
polyunsaturated fatty acids as demonstrated by basic and clinical evidence in animal and humadiss,
including current concepts on the antiarrhythmichamism of this class of polyunsaturated fatty sicid
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Introduction Clinical evidence of the antiarrhythmic role of n-3
Diet has become an important issue in preventivdi-me PUFAs
cine, especially in regard to cardiovascular disshsratty The evidence from epidemiologic studies has shovan th
acids are among the most interesting topics imyegsd in  the populations with a high dietary fish intakegclsuas
the past few decads. It is known that saturated fatty Greenland Eskimo$,Alaskan native$? and Japanese resi-
acids are not healthy, particularly for the héatlowever, ding in fishing villages? had a lower rate of cardio-
polyunsaturated fatty acids (PUFAs), particularbnd- vascular diseases, leading to the postulationfislatcon-
chain n-3 PUFAs have been shown to have healthg-besumption may protect against cardiovascular disease
fits.m>’ There is a growing body of evidence demonSubsequently, prospective cohort stutfiéshave demon-
strating that one of the beneficial effects of R3FAs is strated additional evidence with an inverse astiooide-
their antiarrhythmic effect. tween fish consumption and risk of coronary heatake.
PUFAs are divided into two classes: n-6 an8 nThe Physicians’ Health Stutiyfollowed a group of male
PUFAs. They both are essential fatty acids thahoaibe physicians for 17 years. Blood was collected amalysed
synthesized in human bodies. The parent form of nfér a baseline fatty acid composition in 94 men vidter
PUFA is linoleic acid, which is found mostly in \a&tgble presented with a sudden cardiac death event asfitsti
oils. The parent form of n-3 PUFA is alpha-linoleaicid. manifestation of cardiovascular disease. A grotii8
It is transformed to be eicosapentaenoic acid (G 283, age-matched and smoking-habit matched men served as
EPA) and docosahexaenoic acid (C 22:6 n-3, DHA) bgontrols. This study reported that a baseline dlewel of
desaturation and elongation. The main dietary suof long-chain n-3 PUFAs was inversely related to tkk of
long chain n-3 PUFAs (EPA and DHA) include from seaudden cardiac death.
fish or meat from fish-eating animals, eg. seafs] aan The report from the Diet and Reinfarction Trial
also be found in flaxseed, rapeseed (canola),dihgeerilla (DART),?® a randomised, multifactorial, dietary interven-
oil and some nuts in lesser amounts. tional study, examined more than 2000 Welsh meth wit
Both n-3 and n-6 PUFAs have been shown to hakecent myocardial infarction. These men were sépdra
antiarrhythmic effects, whereas monounsaturateid algd into three groups according to dietary interverdiofat
and the saturated fatty acids such as stearic,ifi@land intake reduction, increment of fiber intake, amdincrease
lauric did nof However, cyclooxygenase products of
arachinoic acid (C 20:4, n-6), which is transfornfiean its
parent form of n-6 PUFAs (linoleic acid), have bskown Correspondence address: Nipon Chattipakorn, MD, PhD.
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in fatty fish intake. After a 2-year follow up.gHatty fish  mortality from ventricular fibrillation. Billman ah
supplement group had a 29% reduction in mortalitpc  colleague®*? using a dog model of sudden cardiac
pared with the other 2 groups, suggesting a bedakfic death, have demonstrated similar findings. Inrteiidy
effect of PUFAs on reduction of sudden cardiaclieat in dogs, a large myocardial infarction on the dotewall

In the Lyon Heart studi},a prospective, randomised, was produced by surgical ligation of the left aistede-
single-blinded, secondary prevention study was diate scending artery. An inflatable cuff was placeduaiethe
testing whether a Mediterranean-type diet (n-3 PUFAleft circumflex coronary artery for inducing myodaal
oleic acid, antioxidant vitamins) could reduce thte of ischemia. They were trained to run on a treadmilbtith
recurrence after the first myocardial infarctionympared  after the surgery. During running on the treadsntile
with a western-type diet. After a 4-year follow,upe left circumflex artery was occluded and regularhused
Mediterranean diet group was found to contain mmeB  ventricular fibrillation in all dogs. One week dat the
PUFAs in plasma phospholipids and had a 70% realucti test was performed again after administration o3 n-
in all-cause mortality and morbidity compared tae th PUFAs intravenously. With infusion of the eicosa-
western type diet group. pentaenoic acid, 5 of 7 dogs were protected frotmal fa

The Gissi-Prevenzione stutfya randomised, open, ventricular arrhythmiaR<0.002). With docosahexaenoic
parallel-group, was designed to explore the inddeeth acid, 6 of 8 dogs were protected, and with alphaldnic
and combined effects of n-3 PUFAs and vitamin E inacid, 6 of 8 dogs were also protect&&@.004 for each).
11,324 patients with recent myocardial infarctiamidg  After one week, this exercise-plus-ischemia tess v
the previous 3 months. After a 3.5-year follow tipg  peated without n-3 PUFAs administration in the same
group with n-3 PUFAs treatment, but not the groupanimals, and resulted in fatal ventricular arrhyitisnin
treated with vitamin E, had a significant reductiorthe  all dogs.
composite endpoint of death, nonfatal MI, or naafat
stroke (10% on 2-way analysis, 15% on 4-way aiglys
P = 0.048 andP = 0.023, respectively) and of cardio-
vascular death, non-fatal Ml, or nonfatal strok8%2on
4-way analysisP = 0.008).

The results from the DART and Gissi-Prevenzion
studies have elucidated the role of n-3 PUFAs ariy
duction in mortality, but not myocardial infarction
suggesting that the beneficial effect of this clabsatty
acids was attributable to a reduction in arrhythmic
death® Furthermore, the DART, the Lyon Heart study
and the reanalysis of Gissi-Prevenzione stgtiféhave
demonstrated that the very early divergence ofigairv
curves occurred only in the first few weeks or nhenof
the trials, earlier than the secondary preventinialys of
statin trial®?%in which the divergence of survival curves
occurred after 2 years.

A recent pilot study of Schrepf and colleagtiegas
designed to assess the direct antiarrhythmic effect3
PUFAs in the high risk group of sudden cardiac hieat

pa“ef“s- They conducted the ;tu.dy in 10 .pat|erhs W' the fast sodium chann®. These result in a 50% increase
had implanted cardioverter defibrillators with rep . : ) L :
in the strength of an electrical stimulus to elanit action

episodes of documented, sustained ventricular tachy

cardia. Electrophysiological studies were done ieefo ?rztcetgﬁlal er]i((j) da (mh&:irlsfgdAfp(;?I?:g?(;ggncoilg;eoﬁlswg
and immediately after the infusion of 3.8g n-3 PUFA Yy P P Y o

Their finding demonstrated that the infusion of n_3cytes in the presence C.)f the n3 PUFAsThese effects
) . . . will enhance the electrical stability of the hetrtlethal
PUFAs resulted in a reduction of sustained verlaicu

> ’ . ; arrhythmias*
tachycardia in 5 of 7 patients and did not induméya During myocardial ischemia, myocardial cetla @&en-
thmia. All or these clinical and epidemiologic diies gmy My

have strongly confirmed the antiarrhythmic effeats1-3 tral core will be qmck}y depolar[zed . dys—_
PUEAS functional state of sodium-potassium ATPase and die

from lack of oxygen and metabolic substrafesHow-
ever, myocardial cells at the periphery of the ésualt
zone will be only partially depolarized, leading &m
yper-excitable state of these cells since théngshem-
rane potential is positively shifted close to theeshold
of the fast-gated sodium chanfl.As a result, a small
depolarizing stimulus can produce an action paéntin
addition, if the action potential arises at theneshble
period, it can initiate aberrant conduction andultesit
arrhythmias® The voltage-gated sodium chanbelcking

Mechanism of antiarrhythmic action of n-3 PUFAs
A great deal of evidence has shown that the ahtiarr
thmic effect of n-3 PUFAs acts by altering the &iec
hysiology of myocyte&*>3® This occurs via at least
wo mechanisms: modulation of ion chanf&t8and in-
hibition of the calcium release mechanism of sadesp
mic reticulum®
The n-3 PUFAs main antiarrhythmic effect oschy

blocking the voltage-gated sodium chanfiéf. The inhi-
bitory effect of n-3 PUFAs exerts mainly in an itiae
state, producing a large voltage-dependent shit2(1
mV) in the potential for one half steady statectivation
(V1/2) to a more hyperpolarized valtfe. This leads to
stabilizing the inactivated state of the channeal ance-
lerating the transition from the resting to thecimnzated
state®®* Furthermore, blocking voltage-gated sodium
channel by n-3 PUFAs causes slight, but significant
hyperpolarization of the resting membrane potentidhe
myocyte, and increases the voltage threshold ftinga

Prevention of ischemia-induced arrhythmia by n-3
PUFAs

A number of studies on n-3 PUFAs have demonstrateg
that it can prevent ischemia-induced fatal ventarcu
arrhythmia in animals, and probably in huniaf
McLennan and colleagu¥s* reported that ischemia-
induced ventricular arrhythmia, generated by |gatof
coronary arteries, were prevented in the tuna dited
rats, while saturated fatty acid-fed rats suffed@po
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effect of n-3 PUFAs can be beneficial in preventingexpression of mRNA encoding alpha-subunit of" Na
arrhythmias in this situation. channel protein. However, n-3 PUFAs did not inseea
The n-3 PUFAs have been shown to inhibit tigde  the number of N&hannels and did not upregulate mRNA
voltage-gated calcium chanri@l.It is known that the L- encoding for N&channel protein. It is possible that their
type calcium channel plays an important role in thedifferent effects might be at the level of the gefdere-
exciting-coupling mechanism of cardiomyocyte con-fore, if n-3 PUFAs really have some adverse effeitts
traction?® The n-3 PUFAs inhibit calcium influx into the will not be associated with the over-expressionNaf
cell through the L-type calcium channel and alsutit  channel and mRNA encoding for f¢hannel proteir®
the calcium induced-calcium release mecharitsnThe There is another hypothetical mechanism of n-3
n-3 PUFAs also causes a negative shift of steaale st PUFAs’ adverse effect. The n-3 PUFAs action prsvail
inactivate curve of calcium currefit.Furthermore, recent on partially depolarized cells at the periphery thé
in vitro studie&"*"*® have demonstrated that n-3 PUFAsischemic zone after myocardial infarction, caugingmpt
have an inhibitory effect on sarcoplasmic reticuloa-  and complete inactivation of these cells by modmtaof
cium release mechanism by directly inhibiting thre-c ion channels, and inhibiting calcium release bydaeo-
cium release channel (ryanodine receptor) via nlea@  plasmic reticulum. This effect will abort the patieh
one mechanist The postulated mechanisms includearrhythmic role of the partially depolarized ischiem
the part of activating intracellular enzyme pathway cells. However, this effect does not involve ndrmao-
indirectly modifying gating of ryanodine receptosr  cytes. Therefore, there are still sufficient normato-
reduction of channel opening probability by inteirag  cardial cells to sustain the pumping action of tieart,
more locally with ryanodine channel compfex. even when partially depolarized myocyte functiors ha
In ischemic myocardial cells, calcium overlazh be  been eliminated by n-3 PUFAs. But in the caseifflise
developed under the influence pfadrenergic agonists, myocardial ischemia, there are plenty of partialpo-
Na'-C&* exchange mechanism, and an impaired calciuntarized myocytes populating the myocardium. If all
uptake by the sarcoplasmic reticulifi. Delayed after ischemic cell function is eliminated by n-3 PUFAsill
depolarization has been shown to be induced madilye cause insufficient contractile force and the healit fail
in this situatior”® The n-3 PUFAs are of benefit in this as a pump. Consequently, patients will possibéyfobm
situation since their inhibitory effect of L-typalcium  asystole. The malignant arrhythmia can also oceadr b
channel and calcium release channel (ryanodintage cause in diffuse ischemic myocardial environmeame
impedes an overload of the intracellular calcitim. partially depolarized ischemic myocytes are likdyeli-
Besides the inhibitory effect of n-3 PUFAs\mitage-  cit aberrant N& current and initiate arrhythmid. This
gated sodium and calcium channels, n-3 PUFAs also i effect resembles the bidirectional effect of diém,
hibit transient outward current;f) and delayed rectifier which is beneficial in a majority of patients withell-
(1) current, but not inward rectifierl) current, and also preserved left ventricular function but harmfularmino-
some ligand-gated channels such as cAMP-dependerity of patients with impaired ventricular funatic*
chloride channel, acetylcholine dependent potassium
channef’*® Although the reduction in potassium efflux Debates on in the antiarrhythmic effect of n-3 PUFASs
usually produces prolongation of action potentiatad  in humans
tion, this does not occur from the effect of n-3AA4 >3 Although a number of reports have demonstrated the
It has been shown that when myocardial calieetbp  beneficial effect of n-3 PUFASs, there is still sodebate,
ischemia, fatty acids will be released from cardiafl  particularly on the antiarrhythmic effect of n-3 IPAk in
membrane by phospholipase A2 If there is a great humans® A recent clinical trial investigated the anti-
amount of n-3 PUFAs in cell membrane components, iarrhythmic effect of n-3 PUFAs in 200 patients eith
will release more n-3 PUFAs during ischemia and wil with a recently implanted internal cardiac defilatibr
increase their effectiveness in protecting agaimshyth-  (ICD) for an episode of sustain ventricular tachgca or
mia 3% ventricular fibrillation, or with an ICD that hadisd
charged appropriately within the previous 3 months.
Theoretical adver se effects of n-3 PUFAS The patients who had received antiarrhythmic drugssc
Recent guidelines recommend that the general publicor lll were excluded from the study. The enrdllga-
should regularly consume fish as part of a heattiey*®  tients were divided into two groups, one receivel 1
The n-3 PUFAs have been listed on the GRAS (generallgram of fish oil and the other received olive of\fter a
regarded as safe) list according to the Food anggDr 2-year follow up, there was a non-significant treéofard
Administration in amounts up to 3.5g of fish oilrpe an increased risk of ventricular arrhythmia in fisé olil
day’® Nevertheless, there are some concerns regardirgroup. Subgroup analysis suggested that patientei
the adverse effects of n-3 PUFAs. According to TAS fish oil group who had received an ICD for sustdine
study®® class | antiarrhythmic drugs, i.e. Nahannel ventricular tachycardia had significantly more gthh
inhibitors, the same as n-3 PUFAs, are not safeediney  mias, while patients who had received an ICD fon-ve
cause higher mortality in coronary artery diseassepts  tricular fibrillation tended to have a reductionarrhyth-
than the placebo. Kang and colleagiiestudied the mic events. There were fewer deaths overall infigte
effect of n-3 PUFAs and mexiletin on mRNA expressio oil group, but this was not significant. This trealggested
and the number of Nahannels per cell of neonatal rat that if n-3 PUFAs do reduce mortality, they miglat sb
myocytes. They reported that mexiletin increase@ fi by a mechanism other than reduction in ventricatany-
times the number of Nahannels and caused an over-thmias. However, since the substrate for the indonabf
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ventricular tachycardia and ventricular fibrillaiionay be 8.
different, a specific effect on ventricular fibation
suppression cannot be excluded. The limitatiorthef
trial is the lack of placebo-control group. Alstespite
the fact that olive oil has no direct anti-arrhytbraffect,

it can compete with n-6 PUFAs in the diet or witlgigll
membranes. This will shift the n-6/n-3 PUFAsadtom

> 15:1 (which has been estimated for current Amarica
diet) to the “ideal” 1:® This effect caused by olive oil

may favor the effects of n-3 PUFAs from their usdiat  11.
and therefore, may dilute the beneficial effect m8
PUFAs in this trial.

12.

Conclusion

The n-3 PUFAs have an established antiarrhythmiceff 13.

as demonstrated in animal, epidemiologic, as weltla
nical studies. However, it is still unclear whettiee anti-
arrhythmic actions of n-3 PUFAs actually preveralfa
arrhythmias. The two secondary prevention trial&RD
and Gissi-prevenzione study have elucidated the re-
duction in mortality, but not myocardial infarctionThis
suggests that the beneficial effect of n-3 PUFAs wa
attributable to a reduction in arrhythmic deaffhe re-
cent clinical trial in patients with implanted ICCHso
found no reduction in ventricular arrhythmias i thish

oil group®® Large, prospective randomized placebo-
controlled clinical studies on antiarrhythmic effeof n-3
PUFAs are needed to verify the antiarrhythmic adléhis
class of fatty acids in various clinical settings.
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