A REVIEW OF THE EFFECTS
OF OMEGA-3 MARINE FISH OILS:

PANACEA (R PLACEBO 7

John H. Juhl, D. O.

1A88



ABSTRACT

Possible applications of dietary supplementation with marine fish oils are

suggested by studies showing the reversal or slowing of cardiovascular

1,4-8 9,11

, reductions in hyperlipidemia , mildly elevated blood

pressurelo'u, peripheral vascular disease

13-16 " and palliative relief in the treatment of acute
17,18

disease
8’12, increased insulin sensitivity
in Type II diabetics
rheumatoid arthricis

At the molecular, cell membrane, organ and systemic vascular levels
physiologic changes have been induced and quantified after dietary supplementa-
tion with fish oils. Numerous animal studies have shown a salutary effect on
various aspects of the atherosclerotic process.In human studies, many
individual results are contradictory, but same broad trends have emerged.

Dietary introduction of marine fish oils has an antiinflammatory effect
via damping of the arachidonic acid cascade; an antiatherogenic effect via
modulation of platelet function and blood lipid lewls, and it may have a
pro-insulin effect via same secondary mechanism involving membrane receptors
and/or membrane protein function.

If large scale double blind placebo controlled clinical studies contime
to support the findings of prior studies, marine fish oils may well become
the most essential dietary supplement for adult populations in industrial

countries,



In the last 20 years over 600 papers have been published on subjects
related o cold water marine fish oils. Over 60 of these were related to heart
disease. Recent preliminary results of the Physicians Health Scudy2 investigaring
the effects of alternate day low dose aspirin therapy on cardiovascular disease
provide the best support to date of the beneficial effects of intervention in
the atherosclerotic process at the lewel of platelet function and the prostaglandin
pathways.

Possible applications of dietary supplementation with marine fish oils are

suggested by studies showing the reversal or slowing of cardiovascular

1,4-8 9,11 10,11

, mildly elevated blood pressure

disease , reductions in hyperlipidemia

8,12

peripheral vascular disease , increased insulin sensitivity in Type II

diabe'.'icsm-w. and palliacive relief in the treatment of acute rheumaroid

arthricis'/ 18,

This paper will review the current understanding of the basic physiological
mechanisms involved, as well as some of the epidemiological and clinical studies
to date. For those whose interest is kindled, the 3/3/88 NEJM article on the

1

cardiovascular effects of n-3 farty acids by Leaf and Weber™ provides an extensive

bibliography.

The retail fish industry has grown within the period of a few years from
three to 40 million dollars annual sales. They are not classified as drugs
by the F.D.A., although they appear to have a number of pharmacological properties.
While our intrinsic scientific skepticism should put us on guard against the
various recent ''snake oils" put on the market such as vitamin B-16 or laetril,
at vhe least we should be as knowledgable about the subject as our pacieni:s who
will be asking advice on the subject.




What exactly are marine fish oils ? Simplistically, they can be thought of
as a biological antifreeze. At the molecular level they can be thought of as
fatrty acids having longer chains with more double bonds than the usual fatty
acids that act as tails for the phospholipids that are the major building
blocks of the bilayered lipid membranes that encase the fluid compartments of

the body.
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double bonds. What unites these two fatry acids as a family, is the Omega or n-3
designation, which indicates the mumber of the closest carbon-carbon double bond
to the methyl end of the chain. Thus, the n-6 and n-9 facrty acids hawe a final
double bond at the 6th or 9th carbon from the end of the chain, and they are
derived from vegetable and animal fats. The n-3 family has a double bond at
just the 3rd carbon from the methyl end of the chain, and includes the marine
fish vils as well as the essential farty acid alpha-linolenic acid, which is
generated soley by plant chloroplasts. '

Where do the marine fish oils come from ? Their dietary impact comes
primarily from cold water marine fish and a representarive list can be found
in Table 1 . While mackerel is the foremost representative of the "fatry"
fish, many unlisved '"lean" fish have lesser amounts; but the source appears to

be farther down the food chain. Cold water algea and phytoplankton produce
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rhese farry acids which are concentrated by fish that are che food source for

sea manmals, other fish, and man. There does seem to be some endogenous production

in man, since small amounts are found to be conserved in brain tissue and testis.
Platelets and erythrocytes because of their short half life are more quickly

19 Docosa-

affected by dietary increases of n-3 facty acids than orther tissues,
hexaenoic acid (DHA) is converted to, and thus acts as a storage form for
eicosapentaenoic acid (EPA)I. Both inhibit platelet aggregationl's. EPA has

been shown to reduce whole blood viscosity and increase red blood cell deform-
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Hisrorical Dietary Injuntions

Prior ro the 20ch century atherosclerosis, like gout, was primarily a
disease of the wealrhy. Fasting and abstinence from food products on the other
hand has a long history. In the Jewish rradirion fasting was practiced as early
as rhe destruction of rhe first temple, and was equated with bereavement and
narional mourning. Dietary restrictions separared meat meals from dairy meals
increasing the reliance on grains and fruits. The ingestion of pork or shellfish
products are prohibited. In the Moslem rradition the prohibition on the eating
of pork was retained, and the month of Ramadan is observed with a fast during
daylight hours. In the Hindu religion the cow is sacred and is not eaten.

while Jesus apparently did not observe all the Jewish fast laws, the
Church early on reinstituted fasts on Wednesdays and Fridays, and by the time
of Arhenasius in 337 A.D., the Eastern and Western Churches uniformly observed
the current 40 day period of Lenv:35. Catholics until very recent times would
abstain from meat on Fridays, often substituting fish for protein.

In English literature as early as 1653, fish consumption was touted as a

prescription for a long and healthy life21.




Epidemiology

NMumerous sources have documented the lower incidence of coronary artery

disease (CAD) in populations whose diet includes a large camponent of fish.
Low death rates from CAD are found in Japan where fish consumption awerages
100 gm/day. The lowest rates are found in Okinawa where fish sonsumption is
double that national average. Second generation Japanese-americans however,
loose their epidemiological advantage with respect to can®,

A seminal retrospective study published in 1980 looked at a relatively stable
population of 1800 Greenland eskimos over a period of 20 years. They found an
increased incidence of apoplexy (sic.) and epilepsy, but significantly lower
incidences of acute myocardial infarction, diabetes, asthma and psoriasis in
comparison to a control danish population. Cancer rates were similar 22.

The study that generated the most interest is the Zutphen Study that
compared the incidence of CAD and fish consumption in 800 Netherlander men over
a period of 20 years. Consumption of as little as 30 gm/day of fish correlated
inversely wirh heart disease for the 20 year period. This correlation was sig-
nificant over the entire range from high to low fish consumption. Thus, consump-
tion of as little as 30 gm/day of fish lowered the risk of heart disease 2.5 fold.
Only age, fish consumption and dietary cholesterol significantly related to CAD
mortalicy., They further concluded that platelet aggregation is reduced and
bleeding time increased by fatty fish intakeof greater than 100 gm/day”.

More recent papers have suggesred rhat Eskimos are genmetically predisposed
to low incidence of CAD by virtue of a selective 1lipid enzyme defect that dim-
inishes the production of endogenous arachidonic acid23. These and other
epidemiological studies were like bait to numerous basic research groups inter-
ested in interventions that would effect the endemic level of heart disease in

North American and European populations, but the hook was the overlap with the

quickly evolving field of prostaglandins.




The Arachidonic Acid Cascade

Some 80 years afrer the introduction of commercial aspirin therapy, a
coherent mechanism of action was beginning to emerge, and each year discoveries
are being published clarifying individual components of the cellular level
information and amplification system of the prostaglandins.

To understand the effect of the introduction of n-3 fatty acids on the
prostaglandin pathways we need to review the arachidonic acid cascade and its
effect on vascular tissue. In Diagram 4 we can see that the effect of
introducing EPA as substrate in place of arachidonic acid (AA) is to produce a
general damping of the AA cascade, and a shift from inflammatory, aggregavory
and atherogenic products to more anti-inflammatory, anti-aggregatory, vasodilatory
vascular products. Thus, the EPA generated metabolites leukotriene B5 (LTB5) and
Thromboxane A3 (TXA3) are considerably less active than their arachidonic acid
generated counterparts, while Prostaglandin I3 (PGI3) has similar vasodilatory

activity in comparison with the arachidonic acid product PGI2 (prostacyclin).
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BARGREWN 5

» Diagram 5 can be used to conceptualize

(TRAZ

rhe normal homeostatic balance at the -
level of the blood vessel. The inner TNCLEMCn

O__, TURS IR AT ALTIVITY
andorhelial vessel wall synthesizes
PGI2 de novo, and can produce PGI2 from

S ACRELATION

placelet derived endoperoxides. In =”Q?:;:"_ :':‘L. AR
placelets, the primary product of the

endoperoxides is TXAZ, hence a homeostatic
TABLE ( Comparative Effecta

balance berween the endothelial lining of Thromboxane A, and PGL,
and rhe mobile platelets. Table 4 Thrombexans A, 1 N
Platelets Wh.lhl:'lh
campares the effects of TXA2 and PGIZ. depeastr i i
Inhibits sdeny! cyclase Stimulates adenyl cyclase
Vascular irritacion leads to platelec  lmjury Homeostasis

adhesion but not necessarily to thrombus
formation. Apparently prostacyclin (PGI2)
prevents aggregation at lower concentrations than that needed to prevent adhesion.
Said another way, in a normal wessel in the absence of intimal injury, at low
PGI2 concentrations, aggregation is preferentially inhibited locally and in the
blood downstream from the source. When there is intimal injury, local TXA2
production from platelets overcomas the larger PGI2 concentration needed to
prevent adhesion. Al rhough the lungs contain a large mass of endothelial cells
+hat can release PGI2 into the bloodstream. rissue metabolism is so rapid
(v} 2-3 min.) thac afrer exogenous arterial infusion only 50% appears on the
venous sideza. .

As an aside, many have argued that if bleeding time is the key factor,
prescription of aspirin on a prophylactic basis should be more provective. There
2,25,26

is merir to this, but studies on aspirin use continue to be controversial

The pro arguement hinges on the notion rhat low dose aspirin will inhibit TXAZ

production at a level below that which will inhibit PGI2 production. The most




recent encry in the quest for this elusive dosage is the Physicians Health
S':udyz. Thus, after a series of indepenent large scale srudies were unable

to show significant improvement in overall mortalivy afrer myocardial infarction
at aspirin dosages of 500 mg. twice a day, 972 mg. once a day, or 300 mg. once

a day23

» the dosage to be tested was reduced o 325 mg. every other day.

The group to be tested was choosen as follows: of the 261,000 physicians
initially contacred, 112,000 responded and 59,000 agreed to participate. From
this group were then excluded all physicians with a prior history of myocardial
infarction, stroke or ischemic artack, cancer, current renal or liver disease,
peptic ulecer, gout, contraindications to the use of, or current use of aspirin
or aspirin like products. Of the remaining 33,000, one rhird were removed from
the study after a trial run of 18 weeks for noncampliance with the study formar.
perhaps in no other study has a "healthy worker effect' been more successful ly
selected for. Indeed, after 4.8 years only 88 cardiovascular deaths were confirmed
for rhe entire cohort, where 733 would have been expected within the remaining

22,000 doctors. Table 3 shows the
Table 3, Cardiovascular Deaths According to Treatment Group.

breakdown of cardiovascular deaths Carvgony or wi
Canmovavtuan Dearm Reiarne  Cownpescs
(ICD Comsr* A Mactso R Inteavar PV

according to treatment group. The

Acute myocardial imfarction S i 0.25 01-0% 00h
“im

Data Monitoring Board terminated the Stroke (430, 431,484,461 & 2 Y00 0731198 016
Ischemic hean diseare 9 L} 108 042-279 o0xl
tud ¢ 1411-414)
study because of the difference in Sudden death (798) 13 9 149 pes-14y 0
Other cardovascular (402 10 6 179 067-47% 0N
deaths from acure myocardial infarcrion. 424,425, 428 429, 440, 441
Other cercbrovascular | 1 10D 006-159 .00
» (431, 4380
However cotal cardiovascular deaths Total cardiovascular deaths 44 44 099  065-140 0%
. . 10D demnes Inaernational Classahcatamn of Diseases
were equal in the aspirin and placebo ' Deathe cccumng more than ose year alver the stial ke

NEJM,vol.318:#4,p.263, 'S8
groups. In no other subgroup of

cardiovascular deaths did the aspirin group compare favorable with the placebo
group. This data equally supports the contention that aspirin overwhelms the
homaostatic balance inhibiting thrombembolic events in the shore run, and

encouraging the longer term, slower process of atherosclerosis.




The logical extension for the use of aspirin in the prophylactic treatment
of cardiovascular disease would be the use of TXAZ synthetase inhibitor (see
Diagram 4), but the accummulating endoperoxide precursors PGGZ and PGHZ can still
activare platelets rhrough the thromboxane receptor, according to Gerrardzz. In
eirher case, the loss of homeostatic balance remains troublesome.

The second physiological point is directed to the level of the cell membrane.
One would expect: that the introduction of farry acid rails with increased chain
length and number of double bonds into rhe membrane phospholipids would result
in increased fluidity or entropy across the surface of the membrane. Studies to
date have been cmv:radiccorya'ls. The asymmetry of lipids across the bilayer
membrane has been well established for erythrocytes as well as the plasma
membrane of platelets and various heart cells3'7. This asymmetry allows for
differential substrare stores for various cyrosolic and membrane enzymes. The
heart is one of the most responsive tissues to changes in dietary polyunsaturated
farty acids, in particular those of 20 and 22 carbon chain lengths. Inclusion
of C20 and C22 n-3 fatcy acids in the diet has been found to reduce arachidonic
acid levels to as much as 50% of normal values3.
These molecules do not pack with other fatty
acyl chains as well as would fully saturated
chains, resulting in an increase in the
average surface cross sectional area per

facry acyl chain3. Paradoxically, the longer

more unsaturated n-3 fatty acids have a
shorter absolute length due to the shorter
carbon-carbon double bond length and the
increased angle berween the single and
cis-double bond as shown in Figure 6 .

Unforrunately, there is no simple Fig. & Disgrammauc repreventanioms of 1ostearovl:2-doxona-
hessenoyl-phosphatidvicholine (18:0,/22.6-PCI Jrawn uung

% z ihe computer program  Pluo’ (by 5. Motherwelll, showing the
correlarion berween membrane fluidity and effect of the wx cudouble bonds on the sa-2 chain wructural

configuration (provided hy 5. hilam and 5 Neadles

Biochim et BioPhys ac':a.v.779.p.11&.’85.
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fluidicy and the phospholipid molar content of double bonds or double bond
position. One useful piece of information is rhat the unsaturated fatty acids are
carried primarily in the sn-2 position of the phospholipid, where Phospholipase A2
acts prefentially to separate fatty acids for the arachidonic acid cascade. The
sn-1 position is primarily filled with saturated fatty acids allowing for

3

conservation of the proportion of saturated to unsaturated fatty acids™, (see fig 6)

If you look at Diagram 7 BYAGRAM T

you can visualize how differences
in chain lengths may produce a
variable potential space between
che membrane layers about which
little research has been done to
date. However, viewing the XY
plain, a few pieces of evidence

support the contention that n-3

farty acids produce a variabiliry

M
oo Wl

First, EPA and DHA are

C.20:5W™
preferentially integrated and - A R

degraded, which leads to the ;.
damping effect on the arachidonic
acid cascade even when they are introduced in pharmacologic dosage7. This suggests
rhat they are more vulnerable to Phospholipase A2.
Second, the phospholipids phosphatidylethanolamine, phosphatidylcholine,
and cardiolipin concentrare asymmetrically with respect to the outer and inner

sides of rhe bilayered mzmbrane7'3. In a rat model Hock7 found that various

n-3 facty acids also incorporated asymmetrically into rhe various phospholipid
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groups extracted from rat myocardial tissue. Changes in phospholipid camposition
of aortic tissue were similar bur with a 10-fold higher n-3/n-6 ratio. These
membrane changes were induced by dietary supplementation with n-3 fatty acids
over a four week period. After four weeks, acute and sham left coronary artery
ligations were performed. After six hours the rats were sacrificed. Rats fed on
an n-3 enhanced diet lost 405 less creatinine kinase from their left ventricular
free wall than did control animals7. In a similar study Culp found significantly
reduced thrombosis-induced infarct size in dogs subjected to a similar regimn27.
Third, dietary supplementation with n-3 farcy acids appears to affect
the number and function of some membrane proteins and receptors. Hock is
currently preparing a paper showing a decreased Al adrenergic receptor affinity

in rats fed an n-3 fatty acid diet, rhat is not affecred by aspirinza.

Insulin receptor sensitivity appears to be effected in some studiesu’m.

Other Selected Animal Studies

Daoud et.al. in 1976 were able to show that advanced atherosclerosis in a
swine model is susceptible to regression on removal of cholesterol from their
diet>. Tenyears later in 1986 ina NEM article by the sam author, they were
able to show inhibition of atherosclerosis by cod liver supplement in a
hyperlipidemic swine model, and concluded that dietary cod liver oil retarded
developement of coronary artery disease in their animal mode1®,

Landymore et.al. looked at the effect of dietary supplementation with cod
liver oil on venous autologous grafts implanted in the arteries of dogs. They
found that intimal hyperplasia was largely prevented, while the combination of
aspirin and dipyridamole was protective but not as effectivelz.

Davis et.al. have found that a fish oil supplemented diet inhibits the

developement of atherosclerosis in rhesus tmnkeys36.
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Human Studies

Early clinical studies tended to use large amounts of a fish oil equivalent
on a few people for a relatively short period of time. Table 4 lists some
representative results along with the mmber of subjects, the amount of EPA
equivalents in grams/day, and the time space of the study. The most recently
published study contains the largest mumber of subjects treated for the
longest period of time.

Dehmer et.al., in the 9/22/88 NEJM, report on 82 male subjects who were

treared with 3.2 gm/day of EPA one week prior to and 24 weeks after coronary

angioplasty. They found a decrease in restenosis per patient from 467 to 197.29.

The earlier review of cardiovascular effects of n-3 fatty acids by Leaf and
Weberl mentions three other studies on the effect of n-3 fatty acids on

restenosis after coronary angioplasty. Two of the studies found a reduction

30,31 32

in the rate of restenosis while a third did not™".

Two preliminary studies on the effects of n-3 fatty acids on insulin

resistance in Type II diabetics are intriguing but too small in scope to

generate broad conclusions 14 .

The very well controlled study by Kremer in the Annals of Internal

Medicine provides convincing evidence that n-3 fatty acids have a salutory

effect on subjective symptoms of acute rheumatoid arthriz:is”.

Increased cholesterol levels are now accepted as one of the most important

risk factors for CAD. Diets rich in EPA have generally been found to decrease

serum triglyceridesg'll‘33'37'38'“)'“‘ and total cholesterol ]eve]s9.11.38,40,l¢b.

Effects on the various cholesterol lipoproteins have been inconsistant. VLDL

9,37

levels have generally been found to be lowered ,and this is reflected in

9,11,38,39

studies finding lower synthesis of LDL . In one study a paradoxical

increase in LDL apoprotein B in both normal and hypertriglyceridemic subjects

was found to accompany a decrease in triglycerides and total cholesterol;




12

both VLDL and LDL were found to be smaller and denser after dietary supplementa-

efon with £ish 0410,

Fish oil supplementation has been found to increase HDL receptors and the

41,42 11,46,48

turnover of HDL , while HDL levels have been found to increase

43-45,47 in various studies.

decreaseg. or remain unchanged
A consensus of the effect of supplementation with fish oil on LDL and
HDL levels in subjects with hypercholesterolemia and normal triglyceride levels
has not emerged, but what is clear is that on a gram-for-gram basis, fish oils
have a larger cholesterol and triglyceride lowering effect than equivalent
dosages of n-6 vegetable 011538.
Because of the increasing economic impact of cholesterol lowering agents,
future studies should be read carefully for study design, cohort size, study

length and side effect profiles.
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Conclusions

The purpose of this paper is not to debate the many individual study
results, but to provide a basis for undarstanding a complex phenomena in an
area of growing relevance to daily clinical practice.

At the molecular, cell membrane, organ and systemic vascular levels
physiologic changes have been induced and quantified after dietary supplementa-
tion with fish oils. Numercus animal studies have shown a salutary effect on
various aspects of the atherosclerotic process. In human studies, many
individual results are contradictory, but some broad trends have emarged.

Dietary introduction of marine fish oils has an antiinflammatory effect
via damping of the arachidonic acid cascade; an antiatherogenic effect via
modulation of platelet function and blood lipid levels, and it may have a
pro-insulin effect via some secondary mechanism involving membrane receptors
and/or membrane protein function.

But what does this mean for the average beer drinking, hamberger eating,
cigarette smoking, T.V. watching american male ? Clearly, persons unwilling ro
make modifications in their lifestyle will continue to be victims of athero-
sclerosis and its many ramificarions, and will contime to consume a large
portion of health services and resources. For physicians and patients interested
in preventive health care, concern for probable beneficial effects of a generally
benign intervention should not preclude careful analysis of each case, nor
should they presume that this is a universal panacea. To date, no significant
adverse side effects have been confirmed in any patient population to my
knowledge. An area that remains relatively urexplored, is the effect of
smaller amounts over extended periods of time.

If large scale double blind placebo controlled clinical studies continue to

support some of the conclusions reached in this review, marine fish oils may

well become the most essenrial dietary supplement for adult populations in

industrial countries.
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