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LONG-TERMEFFECTOF 
OMEGA-3FATTYACIDSUPPLEMENTAiIOti 

INACTIVERHEUMAT~IDARTHRITIS 

A 12-Month, Double-Blind, Controlled Study 

PIET GEUSENS, CARINE WOUTERS, JOS NIJS, YEBIN JIANG, and JAN DEQUEKER 

Objecthe. To study the long-term effects of sup 
plementation with omega-3 fatty acids ((53) in patients 
with active rheumatoid arthritk 

Methodk Ninety patients were.enrolled in a 12- 
month, double-blind, randomized study coolaparing 
daily supplementations with either 2.6 gm of 03, or 1.3 
gmof03+3gmofoliveoil,or6gmofoliveoil. . 

Results. Significant improvement in the patier#s 

a 

, global evaluation and in the physician’s assessment of 
pain was observed only in those taking 2.6 g&day of 
w3. The propqtiom of patients who improved and of 
those who were able to reduce their concomitant @i- 
rheumatic ~edic+ibns were significantly greater with 
2.6 gndclay of w3. 

Con~ZusZha. Daily %upplementation-with 2.6 gm 
of 03 res$ts in signifiqnf clinical benefit apd may 
reduce the need for concqmitant antirheumatic qnedii 
tioa 

. 
Omega-3 fatty acids ((~3) are essential poly- 

unsaturated fatty acids foun’d in fish oils and -in marine 
manui@s (1). They cotipetitively inhibit the formation 
of the Zseries prostanoids and of the dseries leuko- 
trienes, eicosanoids derived from arachidonic acid 
with potent. proinflammatory effects, and they are 
precursors of the 3-series piostanoids aid the iseries 
leukotrienes (2,3). Ingestion of 03 the&ore results in 
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the production of compounds with altered and dimin- 
ished biologic activity. 

Beneficial effects of dietary supplementation 
with w3 have been demonstrated ip some (44), but not 
all (S), animal models of inflammatory disease and in 
(mainly short-term) clinical studies in patients with 
rheumatoid arthritis (RA) (%17). Long-term data in 
humans are presently scarce (18). 

We therefore studied the effect of fish oil sup- 
plementation in patients with pctive RA ‘who were 
being treated with nonsteroidal antiinflammatoc 
drugs (NSAIDs) and/or disease-modifying antirheu- 
matic drugs (Dh@RDss. 

PATIENTS AND METE&S 

Study desiga and patient populatkm. According to the 
short-term observations by Kramer et al (9,lO) concerning 
global improvement with ~3 in RA patients, a sample size of 
23 pqtients for each of 3 trcaunent~groups was calculated to 
be adequate, with an a of 0.05 and a B of 0.20. Co&de& 
possible dropouts, we included 30 patients per .group. 

Patients with definite or classic RA, who had class I- 
II, or III disease, according to ihe criteria of the Ame 
College of Rheumatojogy (formerly, the American Rheuma- 
tism Association) (19,20), entered the study after giving 
informed consent- All patients had active disease, and had 
been receiving a stable dossge of NSAIDs and/or DMARDs 
for at least 3 months prior to study entry. The study protocd 
had been approved by the institutional ethics committee- 

Patients we? randomly assigned to 1 of the followi@ 
3 daily regimens: 6 capsules containing 1 gm of olive oil ea~f 
(Placebo), or 3 capsules containing 1 gm of fish oil (1.3 gm 0 
d) each plus 3 placebo capsules, or 6 capsules contining 1 
gm of fish oil each (2.6 gm of ~3). Treatment continued for I* 
months. 

The fish oil capsules contained. 1 gm of oil that was 
rich in w3 polyunsaturated fatty acids (42.5%). consisting 
primarily of eicosapentaenoic acid (EPA; 28%) and docoS- 
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Tsbk 1. Reasons for study drop~t% by treatment group 

gn!iay gzy 
Placebo of ca3 of w3 

&base eva$s 1 
medical reasoos not related to study 1 : : 

NOS lasons (refusal, 3 1 4 
reducql mobility, r&cation. etc.) 

Noncompliance s 5 4 

Tod 10 9 11 

hcxaenoic acid @HA; 6%). Each capsule also contained 
~225 n3 (3.2%) and Cl8:4 n3 O-3%), smaller amounts of 
C2&4 n3 and Cl83 n3, a low cholesterol content (05-I 
mglcapsule), and vitamin E (2 mglcapsule). Fish oil and 
dacebo capsules were provided by Sanoft-Pharma (Brus- 
&Is, Belgium). 

Kremer et al reported that a 1.9 gmlday dose of EPA 
for 6 months (for a patient weighing. 70 kg) is effective, but 
suggested that longer-term studies were needed (13). We 
selected a dose of 2.6 gm/day of ~3, given as 6 capsules 
containing 1 gm of fish oil, which corresponds to a compa- 
rablc daily dose of EPA (1.7 gmlday). A higher dose was not 

because it’ has been observed that in patients with 
rial hypertension and byperlipidemia, daily ingestion of 9 
;ules containiig 1 gm of fish oil (same preparation WC. 

used, corresponding to 3.9 gm of ~3) resulted in digestive 
symptoms in the majotity of the patients (21). 

A normal, stable diet with approximately 30% fat, 
12-U% protein, and 50-5846 carbohydrate was prescribed 
during the study. patients were advised to consume fish once 
a week. The intake of animal fat was <IO0 gmlday, Patients 
were asked to apply this diet throughout the study, SO that 
there would be a stable and similar diet in all study groups. 

CompIiance. CompIkUKZ with the trc&Wnt protocol 
was monitored by capsule counts. 

hhation criteria. Criteria were ranked at the outset 
of the study, in order of importance for evaluation. The 
following features were assessed at baseline and after3,6,9, 
and 12. months: physician’s global assessment of disease 
activity (&t scale, 0 = symptom-free and 4 = very severe), 
pzitient*s global assessment of disease activity (0-I&m 
htal~ analog scale, 0 = symptom-free and 10 = very 
Severe), physician’s and patient’s assessment of pain (O-4 
scale, 0 = no pain and 4 = very severe), duration of morning 
stiffness (m minutes), grip strength (in mm Hg; mean of 3 
measurements), Ritchk articular index for pain (22) (60 
joints; scored O-3 for each joint, 0 = no pain and 3 = very 
severe), number of painful joints and number of swollen 
joints (maximum of 60 each), and concomitant medications 
(f%UDs and/or DMARDs)). 

NSAID and/or DMARD doses were recorded as 
decreased, maeased, or unchanged at each visit, and com- 

with baseline doses. All patients were followed up by 
. same investigator (PC), who, throughout. the study, 
doyed the same empiric and judgmental criteria for 

deciding whether changes in these medications should be 

made. Laboratory assessments included the crythrocyte 
sedimentation rate (ESR) and rheumatoid factor (RF) titer. 

The “combined effect size” (23) was calculated as 
the percentage of change from baseline of the combination of 
changes in the Ritchie attic&r index, grip strength, and ESR. 

Radiologic evaluatioas were done for the .proximal 
and distal intetphalangeal qrticulations, the metacarpophal-‘ 
angcal articulations, and the wrists of both hands. Rates of 
erosions were scored according to the Kellgren scale (24). 

Statistkal analysis. Results are expressed as the mean 
+. SEM. Changes from baseline were compared between 
treatment groups, using the Mann-Whitney test. For discrete 
variables, comparisons of proportions of patients having the 
given attribute were made with a &i-square test. Friedman’s 
one-way analysis of variance test was applied for the effect 
of time in each group (25). A 2-taikd probability of less than 
0.05 was considered to be statistically signi&nt. The sta- 
tistical analyses were performed using BMDP (BioMedical 
Data Package) programs (1988 version). 

RESULTS 

Ninety patients were enrolled in the study. 
Sixteen patients were excluded from data analysis 
because of premature discontinuation of study treat- 
tient and another 14 because of poor compliance. The 
reasons for dropout, by treatment 8roup, are given in 
TabIe 1. There were no significant between-group 

Tabk 2. Characteristics of the patients at study entry. by treat- 
ment group* 

1.3 @day 
Plic&o ofm3 

2.6 &day 
ofw3 : 

No. of patients 

itzzz%females s4ztf fl:tf 
22 

. 
$&fig 161 70&3’ = 2 162 6922 f 2 161 6422 a15 f I 

Duration ofdiie 1232 15 119 2 I5 120227 
(months) 

Global assessment 
PbplCliUl 1.90 i 0.12 2.00‘2 0.10 1.79 + 0.16 
Patieot 5.58 + 0.34 5.24 f 0.39 5.37 * 0.41 

Painscore 
Pbysiciao 1.8s f 0.11 ‘2.00 2 0.12 19 + 0.19 

. Patieot 1% 2 0.15 2.14 + 0.13 2.00 f 0.17 
Ritchle artidar index for 35.6 f 4.9 24.8 2 3.0 27.8 f 5.1 . 
No~paiofuljoiots 24 = 2 18 c 2 20 f 4 
No. of swolkajoints 26:::3 221 422 .. 

:2&W&m Ha 442 14 223.2 61 2 21 21 to1 43+ 2 18. 18 
(miautet) 

Ezytkqksedimeotation bz3 22*3 33 = 6 
rate (mmhnu) 

Rbcumatoid factor (titer) 25 2 7 3729. 24 2 6 

l Vatues are the mean + SF%. -- 
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&& 3. cbvs in seletted dinical p;yameten an& rheumatoid factor, compared with basetine, in the i treatmatt tkoups 

Placebo, 1.3 enJdaY of u3, 2.6 gdday of cd. - 
mean (*SE&Q mean (cahi-) meill (-cSEM) 

3 6 9 12 3 6 9 12 3 6 9 12 
mos. mot. mos. mos. mos. mos. mos. mos. mos. ‘mos. mos. mos. 

GlObd 
assessment 

Physician 

Pstht 

Pahlscore 
nys-kian -0.10 -0.05 -0.10 -0.19‘ -0.17 -0.33 -0.48 -0.40 -0.32 -0.45. -0.63 -0.61 

mkilt 

factor titer 

l See Results for si&canw of w+thin-@.oup Changu. 
t P < 0.01 versusplacebih 
$ p c 0.05 versus 1.3 @IddaY cu3. 
p P c 0.05 vCKUs placebo. 

differences in baseline features in tlae 60 patients who 
completed the study (Table 2). 

Changes in clinical parameters and RF titers 
among the 3 study groups are shown in Table 3. 
Improvement from baseline in the physician’s global 
assessment was noted at each clinical visit for all 3 
treatment groups. These changes were not sign&ant 
within any treatment group or between the &-treated 
gro-ups and the placebtreated group. Siicant im- 
provement from baseline in the patient’s global assess- 
mcnt was observed’only in the group taking 2.6 gmklay 
of cd3 (P < 0.05, by Friedman’s tesi), and throughout 
the study, these changes were signiikantly diierent 
fronr those noted in the placebo group (PC 0.01, by 
Mann-Whitney test). At 12 months, this parameter 
was. signifkantly improved in the group taking 2.6 
gmklay compared with those takipg 1.3 &m/day (p < 
0.03. These results are presented &s percentages of 

-_ ‘change from baseline iq Figure 1. 
The pain score, as assessed by the physician, 

consistently improved from baseline in all 3 treatment 

a 
groups, but the changes wire significant only in the 
group taking 26 gm/day of 03 (P < 0.05, by Fried- 
-- . 

% change from baseline 
20-l 

.- 
0 .3 6 9’ 12 

month? . 
~1.krk&echangeCrombaselineLpatktt*s&~ 
sc.smat of disease activity;, demonsbating the superior &cct of 
daily~~of2.6gmof~faUy~(.)comperrd#itbl.3~ 
Hm of ~3 fattp adds (A) and with (olive oil) placebo (---.). at a~b 
e~atioo.ValuetarrthemeanandSEMd19.21.and20pstienu. 
We. .- 

. 
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l , 
Tshle 4. Number (%) ap&ents with overall improvement during 
the study, by tkatrncnt group 

1.3 gldday 2.6 g&day 
Placebo ofw3 ofad 
b=20) . (n - 21) (n = 19) 

Global astestment 
Physician 6001 9 (43) 10 (53) 
Patient 2 (10) 7 (33) 10 (S3). 

Painscorc 
Pllysiciaa 6 (30) 8 08) .12 (63)* 
Paticot 6001 7 (33) 9 (47) 

l P < 0.05 versus placebo. 

man’s tesi). The pain score, as assessed by the patient, 
impkoved at all visits in both 03 dosage groups, but 
these changes from baseline were not significant and 
were not statistically diierent from those in the pla- 

combined % change 

1% 

-_ 
0 

cebo group. 
There were no significant changqs in the dura- 

-2ool b I 
3 6 b 1’2 

8 , I I , 1 , t 

tion. of morning stiffness in any group (results not 3 6 fill2 3 6 912 

shown). 
In each treatment group, there were significant 

reductions from baseline for the Ritchie articular index 
of pain and for the number of painful joints (P < 0.01, 
by Friedman’s test). No‘significant differences be- 
tween the treatment groups were found.. 

Friedman’s test indicated a significant worsen- . 
ing of grip strength in the placebo treatment group (P 
< O.Ol), and a significant improvement in the 2.6 
g&day 03 treatment goup (P < 0.05). The increase in 
grip strength in this group was significantly different 
from the decrease in the placebo group at 6 and 9 
months (P <, 0.05, by Mann-Whitney test). 

Aa. important increase in the RF titei was‘ 
observed in the placebo .treatment group (difference 
not significant because of a very large intragroup 
variability) and in the 1.3 g&day 03 treatment group 
(P ‘< 0.05, by. Friedman’s test), but not in the 2.6 

Figure 2. Combined effect size (combii percentage change from 
months 

baseline) for changes in the Ritchic articular index of’& grip 
sticngth, and erythrocyte sedhnentathxl rate in potiencs taking daily 
supplements of2.6 gm of 03 fatty acids (cuss-hakbed bara). 1.3 gm 
of (u3 fatty acids (hatched bars), or (olive oil) placebo (opcu bars). 
Values arc the meao i: SEM of 19.21, and 20 patients, respectively. 

@n/day w3 treatment group. No sign&ant between- 
group differences were found. 

The ESR tended to increase ‘in the placebo 
treatment group, was not significantly altered in the 
1.3 gm/day w3 treatment group, tid tended to de- 
crease in the 2.6 grnlday 03 treatment group. No 
sign&ant differences between the groups were found 
(results not shown).. 

Table 4 shows the proportiok of patients ii 
each group who had improvement in global evtiatior 

Table 5. Numb (%) of patients whose NSAIDs andloi DMARDs 
wuldbedecrea&ornot,bytrcatmentgroup* 

Table 6. Adverse events in the 90 rbcumatoid ‘arthritis; patient 
enrolltp in the study 

1.3 gmklay 2.6 g&day 
1.3 g&lay 2.6 gm& 

Placebo fd 
Placebo d 

(o-20) (n=21) 
Adverse event (n=30) (o-30) (0%) 

~inNSAIDsad 3 (19 60 9 mt 
OrDMARDs 

No dtcrcase in NSAlDs 17 WI 15 m 10 (53) 
andkxDMARDs 

’ NSAIDs = nonskroidal antiinflammatory drugs;. DMARDs = 
disease-modiig anntirbcumatic drugs. 
t P < 0.05 versus plaubo. 

Gastric discomfort 2 4 6 
T~mporpry 
COIlhUOUS k 

3 4 
0 1 

Continuous, treatment 1 .l . 1 
wkluirawn 

skin uythuna 1 .o 0 

-Total 3 4 6 
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and pain assessment. In the 2.6 @n/day 03 treatment 
group, but not in the 1.3 gm/day group, significantly 
greater proportions of patients reported global ‘im- 
provement and were found to have a reduction in their 
pain score as assessed by the physician, compared 
with the placebo group. This is consistent with the 
observed proportions of patients whose dosages of 
NSAIDs and/or DMARDs could be reduced Uable 5). 
In the 2.6 gm/day 03 group, 47% of patients were able 
to decrease these medications, versus 15% in the 
placebo group (P < 0.05). In the 1.3 gm/day 03 group, 
29% of patients could decrease these medications (not 
significantly different from the other treatment 
.groups). . 

The combined effect size revealed a marked 
improvement in the group taking 2.6 gm of 03 per day. 
There were no relevant changes in the I;3 gm/day 03 
treatment group and a distinct deterioration in the 
placebo treatment group (Figure 2). 

No consistent significant differences were 
found in the evolution of the erosion rate in any group. 

Adverse events for all 90 patients enrolled in 
the study are shown in Table 6. Most of these events 
were mild; only 3 patients, 1 in each treatment group, 

.>iscontinued the study.treatment because of gastroin- 
‘r testinal symptoms. Routine laboratory determinations 

did not show any significant changes (results not 
shown). 

DI&JSSION 

Findings of this double-blind study of the effect 
of fish oil supplementation in patients with active RA 
conllrm the positive results obtained in previous short- 
term studies (9-17) and extend these observations to 
the lo_ng-term followup of 1 year of treatment. - 

The most striking finding was the global im- 
provement reported by the patients treated. with 2.6 
gm/day of 03. At the outset of the study, this para- 
meter was ranked as one of the main evaluation 
criteria. This. 20-25% improvement was significantly 
different from the change observed in the group of 
patients receiving placebo. This ditIerence was already 
observable after 3 months of supplementation and was 
sustained, tending to further increase, throughout the 
12-month treatment period. This amelioration is sup& 
rior to that reported by Kremer et al (9,10,13), and is 
comparable to the results reported by Sperling et al 

a 
(11) in their studies of fish oil supplementation lasting 

?4 weeks. This long-term global improvement as 
assessed by the patient is of particular interest since it 
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relates to the patient’s quality of life, The beneficial 
effects on the other symptoms and clinical signs of 
disease activity tended also to be more pronounced in 
the group taking 2.6 g&day 03: 

The proportions of patients in whom improve-. 
ment was observed were significantly higher in the 2.6 
gmlday 03 group than in the placebo group, and there 
was a significant reduction in the need for NSAIDs 
and/or DMARDs in the 2.6 gnJday 03 group compared 
with the placebo group. Interestingly, considerable 
increases in the RF titer were observed in the placebo 
group and in the 1.3 gm/day 03 group but not in the 2.6 
gm/day 03 group. It has been shown that NSAIDs are 
able to decrease the production of IgM-RP in vitro 
(26). -ether supplementation with 03 fatty acids 
may have a similar effect should be further studied. 
Changes in the ESR also.tended to be more favorable 
in the 2.6 gm/day ~3 group than in either of the other 
grouPS. 

A recent study (13) showed a dose-dependent 
effect on clinical and biologic.parameters with even 
higher doses of fish oil of different EPA and DHA 
composition, without apparent additive toxicity. 

Olive oil could have biologic and clinical effects 
(12,13) because it also contains : mainly unsaturated 
fats. Therefore, olive oil may. not be a true placebo, 
and this could well have had a significant favorable 
influence on the results in. the, patients treated with 
olive oil “placebo.” Although no significant improve-. 
ment in the’ global assessment or pain scores was 
found in this treatment group, the Ritchie artkular 
index of pain and the number of painfuI joints ink-.‘. 
proved significantly over baseline, and- to a degree 
similar to that in the patients treated with 03. Sign& 
cantly fewer patients takmg olive oil were able to 
decrease their antirheumatic medication, however 
(compared with the 2.6 g&day 103 group). 

In conclusion, the observations of this long- 
term study in patients with active RA being treated 
with NSAIDs and/or DMARDs indicate that dietary 
supplementation with 03 fatty acids results in s’rgaib- 
cant beneficial clinical effects and may lessen the need 
for NSAIDs or DMARDs. 

1. 

2. 

3. 
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EFFECTS:OF HIGH-DOSE FISH OIL ON RHEUMATOID ARTHRITIS 
AFTER.STOPPING NONSTEROIDAL ANTIINFLAMMATORY DRUGS 

Clinical and Immurie Correlates 

JOEL M. KREMER, DAVID A. LAWRENCE, GAYLE F. PETRILLO, LAURA L. LI’ITS, 
PATRICK M. MULLALY, RICHARD I. RYNES, RALPH P. STOCKER, NOUROLLAH PARHAMI, 

NEAL S. GREENSTEIN, BETSY R. FUCHS, ANUPUM MATHUR, DWIGHT R. ROBINSON, 
RICHARD I. SPERLING, and JEAN BIGAOUElTE 

Objective. To determine tbe follotig: 1) wbetber 
dietary supp!ementation with fish oil Hiu allow the 
discontinuation of nonsteroidal antiinflammatory drugs 
(NSAlDs) in patients with rbeumatotd arthritis (RA); 
2) the clinical eiiicacy of high-dose dietary 03 fatty add 
tisb oil 4tpplementation in RA patients and 3) the effect 
of fish oil supplements on the production of multiple’ 
cytokines in tbfs population. 

Methods. Sixty-six RA patients entered a double- 
blind, placebo-controlled, prospective study of lisb oil 

~pptementation while taking diclofenac (75 mg twice a 
(I) 4. Patients took either 130 mg/kg/day of w3 fatty 

acids or 9 capsules/day of corn oil. Placebo dictofenac 
was substbuted at week 18 or 22, and tisb oil supple- 
ments were continued for 8 weeks (to week 26 or 30). 
Serum levels of interleukin-lj3 (IL-l@),, IG2, IL-6, and 
IL-8 and tumor aecrosis factor a were measured by 
enzyme-linked bnmunosorbent assay at baseline and 
luring tbe study. 

Results. In the group taking fish oil; there were 
sign&ant decreases from baseline iu tbe mean (&SE&I) 
number of tender joints. (5.3 f 0.835, P < O.oobl), 

*’ s 
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duration of morning stiffness (-67.7 f 23.3 minutes; 
P = O.OOQ, physician’s and patient’s evaluatfon of 
global arthritis activity (-0.33 * 0.13; P = 0.017 and 
-0.38 & 0.17; P = 0.036, respectively), and pbysicfan’s 
evaluation of pain (-0.38 f 0.12; P = 0.004). In 
patients taking corn -oil, no clinical parameters im- 
proved from baseline. Tbe decrease in the number of 
tender joints remained significant 8 weeks after discon- 
tinuing diclofenae in patients taking fish oil (-7.8 & 2.5; 

= 0.011) and tbe decrease iu the number of tender 
fornts at this time was significant compared wftb that in 
patients receiving corn oil (P = 0.043). E-l@ decreased 
sign@cantly from baseline tbrougb weeks 18 and 22 in 
patients consuming fish oil (-7.7 & 3.1; P = 0.026). 

Conclusion. Patients taking dietary supplements 
of fish oil exhibit improvements in clinical parameters of 
disease activity from baseline, fncbtdbtg the number of 
tender joints, aad these improvements are assocfated 
titb sigtiifiamt decreases in levels of IL-l@ from base- 
line. So&e patients who take tlsb dl are able to dkcon- 
tinue NSAIDs without experiencing a disease flare. 

Omega-3 fatty acids are b&y polyunsaturated 
long-chain.fatty acids derived primarily from maritie 
sources, including fish and shellfish. Eicosapentaenoic 
acid (EPA), which has 20 carbons and 5 double bonds, 
may compete with amctidonic acid, which has 20 car; 
bons and 4 double bonds, as a substrate for oxygen- 
ation by both the cyclooxygenase and Mipoxygenase 
pathways. These two pathways lead to the production 
of highly- meta~olicaUy active eicosanoids, including 
prostaglandins (PGs) and leukotrienes (LTs), respeci 
tively (1). In the absence of fish consumption, the 
modem Western diet generally lacks a signifkaut con- 

_. 

- . 
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tent of 03 fatty acids, a reversal of the pattern through 
most of human history, when w3 fatty acids were 
ingested in the fat of game animals (2). 

Dietary supplementation with 03 fatty acids is 
associated with significant decreases in neutrophil 
production of LTB, (3), a highly potent chemotactic 
substance, as well as a decrease in the production of 
iuterieukiu-1 (IL-l) from monocytes (4,9. EPA will also 
compete with arachidonate for cyclooxygenase, with a 
consequent decrease in the production of PGE, (6). 

The beneficial effects of dietary supplementa- 
tion with 03 in iuflammatory disease have been dem- 
onstrated in some (7,8), but not all (9), animal models 
of inflammatory disease. Because of this and the 
bene&Gtl changes in eicosanoids, we and others (5,1& 
19) have studied the effects of dietary fish oil supple- 
ments in patients with rheumatoid arthritis (PA). 

We descni here the effects of dietary supple- 
mentation with doses of 03 fatty acids that are higher 
than any previously reported. We also descrii the 
effects of discontinuing therapy with nonsteroidal anti- 
inflammatory drugs (NSAIDs) on the efficacy of u3 
dietary supplements and expand .our observations of 

0 

potential alterations in immune function by reporting 
on the effects of these supplements on the in vivo 
production of multiple cytokines. 

Tabk 1. Demographic and clinical features of rheumatoid mu; 
study patients at baseline. by dietary supplement group* 

Fish oil h&ii- 
b-23) (n = 26) 

Age. mean 
Disease duration, mean years 
Females:malcs 
Medication. no 

F’minisonc (mean m&day) 
MCthoWXaCC 
Hydroxychloroquine 
Inuamuscular gold 
AUliNOh 
Bpcakill24mine 
Subsakine 
Azathioprine 

Hemoglobin, @dI 
Wcstergren ESR. mm/hc& 
Tenderjoint count 
Swollen joint axm1 
AM s&. minutes 
Pbysiciaa’s assessment of 

pain.04scale 
Wysiciaa’s global 

assessment of arthritis 
activity, w scale 

PaCeat’s assessment of pain, 
Mscale 

patient’s global assessment 
of arthritis activity, 
04scak 

Tie to onset of fatigue, 
tKNlfS 

Grip strength, mm Hg 

sa 
!I 

13:lO 

I3,O: 0 26 
3P= 3:9 

log.1 f 121 
1.8 f 0.56 

1.9 -c 0.54 

1.8 * 0.70 

2.1 -c 0.74 

8.7 2 3.9 

105.8 2 49.3 

57 

2-L 

6t4.5) 

3 
3 
I 
2 
3 
1 

12.0 i 0.29 
41 * 8.1 

12.1 * 8.2 
9.3 f 6.0 

lt8.1 = 248. 
1.6 = 0.64 

1.6 k 0.51~ 

I.1 2 0.18 

1.8 * 0.68 

8.3 * 3.0 

124.4 f 63.0 

PATIENTS AND METHOD!3 
Patients. Sixty-six patients with dehnite or classic 

RA, according to the criteria of the American College of 
Rheumatology (formerly, the American Rheumatism Asso- 
ciation) (20), were reauited from the outpatient clinic of the 
Division of Rheumatology of Albany Medical College, the 
Albany Veterans Administration Medical Center, and a . 
private practice of rheumatology in Albany, NY. Patients 
had active disease, as demonstrated by the presence of 3 of 
the following 4 criteria r6 tender joiots, r3 ‘swollen joints, 
230 minutes of morning stitfness, and a Wcstergren etyth 
rocyte sedimentation rate of 228 mtiour. 

All patients were receiving NSAIDs prior to study 
inception, 56 patients were also receiving slow-acting anti- 
rheumatic drugs (SAARDs; hydroxychloroquine in 16, iotra- 
muscular gold in 11, methotrexate in 15, auranofin in 4, 
D-penicillaminc in 3, sulfasalazine in 6, and azathioprine in 
I), and 18 patients were receiving prednisone at a dosage of 
SS mglday, whiih was held constant through the duration of 
the study. The demographic features of the 49 patients 
completing evaluations at least through week 18 or 22 are 
presented in Table 1. 

Between baseline and either week 18 or week 22 (the 
maximum duration of diclofenac therapy), there were 10 
dropouts from the group receiving fish oil supplements and 7 
.dropouts from the group receiving corn oil supplements. 
Four patients receiving fish oil and 3 receiving corn 0i.l 

l ExCe* where noted othcnviscc, values are the mean 2 -EM. ESii 
= e+Mocyte sedimentation rate. 
t P = 0.049. 

dropped out of the study during the 4 weeks after starting the 
diclofenac placebo. A total of 6 patients in the hsh oil group 
and 5 in the corn oil group had dropped out during the 
8-week interval between cessation of diclofenac and discoo- 
tinuation of fish oil (week 26 or 30). In addition, 4 patients 
who had received fish oil and 3 who had received corn oZ 
dropped out of the study during the period between discon- 
tinuation of fish oil and termination of the study (week 48). 

Stndy design. This was a double-blind, plsbcebo- 
controlled, prospective study.’ Patients were randomixed to 
receive 03 fatty acid or corn oil supplements according to 
age, sex, disease duration, and 3 categories of disease 
severity: total joint count SlO, 11-20, and 221. 

AlI patients discontinued their previous NSAID fOr a 
period of at least 5 half-lives of the drug before being 
evaluated at a screening visit. Patients who were taking 
SAARDs were allowed to continue the medication. ImmC 
diately after the screening visit, .p.atients were started 01. 
diclofenac, 75 mg twice a day, and were reevaluated 2 weeks 
later (baseline). At the baseline visit, &her 130 mg/kgIdaY of 
03 fatty acid or corn oil was added to the diclofenac and the 
background SAARD. 

Fish oil capsules were the ethyl ester concentrate 

.  V-4 
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. , Subjects DMAFtD. Prcdnisone ssmg 
% n 

Didofenac 7Smg BID \I Dtdofmac Placeho 
20 Fish Oil 130 mtwl~ddar n \) Corn Olt 

A 
56% Mclofenrc 7Smg BID \I Didofenac Plrceho 

A 
17 Fii Oil 130 m&&a7 \I Corn Oil 
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. 

Diclofcnac 75mg BID Diclofenac Placebo 

14 Corn Oil 
44% I [,- Dklofenre 75mg BID Mclofenac Face 

IS 
0 Corn pa 

F’iguri 1. Study design. prior to the screening visit (not shown), patients dishmtinued their nomte- 
roidal antiinhmmatory drug for a duration of at least 5 of the dmg*s half-lives. Background 

.disease-rndfyhg antirhcumatic drugs (DMARDs) and prcdnisonz (55 wday) were continued 
throughout the study. At the screening visit, patients were given diiofcaac. 75 mg twice a day (BID), 
and 2 wcdcs later (basehe vi&or week 0); thcy~rcturncd for rcevaluatio~~and for randomization to 

.rcccive fish oil or corn oil ruppkmcnts. At week 18 or week 22, active.diclofenac was changed to 
‘- diclofenac placebo. The-time for this change was staggered, so .tbat at the week-22 or week-26 

cvahmtion: there would& only a 50% chance that the investigators would be abk to guess .wbkh 
*: 3 .patients%ad%ccn switched from tbeactive~didofurac; Patients ,who were. taking fish oil co~tiued 

. those supplements througlr week 26 or week’30 (8 weeks after discontinuing diclohac). what they 
were switched to corn oil supplements. The final study Visit was at week 48 or at the time ofaa artluitis 
flare after week 30. .Imm& studies were performed 4 times: baseline (week 0); maximuxn durath 
of diclofenac (week 18 or 22); maximum duration of fish oil. or for those taking corn oil. 8 weeks after 
switching to diclofenac placebo (week 26 or 30); and study end (week 48 or at arthritis ffKe). 

supplied by the National Marine Fisheries Association for 
?IC National Institutes of Health. The 43 ethyl ester concen- 
.:ate is prepared from vacuumdeodorized menhaden oil, 
using transesteriIicat.ion, urea adduction, and short-path 
distiition. The concentrate contains -80% ~3 fatty acid 
ethyl esters (44% EPA, 24% docosahexaenoic acid, 10-1296 
other ~3 fatty acid o@yl esters), 3% Cl8 (other than ru3), 6% 
C16, and the remainder as other esters, It also contains 0.2 
m&m of TBHQ (tertiary butyl hydroquinone) as antioxi- 
dant, 2 mg/gm of tocopherols, and 2.0 mglgm of cholesterol. 
The concentrate is encapsulated in I-gm soft-gel capsules. 

Patients randomized to receive fish oil continued 
their supplements through either week 26 or week 30, when 
211 who remained in the study were switched to corn oil. At 
either week 18 or week 22, active diclofenac was replaced 
with an identical placebo diclofenac (supplied by Cl’ba- 
Geigy, Summit, NJ). Half of the patients were switched at 
week 18 and the other half at week 22 so that the investiga- 

m 

tors would not be unblinded to NSAID usage at the time of 
‘he first evaluation after week 18, when half of all patients 

auld still be receiving active diilofenac and half would be 
receiving placebo diclofenac. Patients receiving bh oil con- 

tinued these suppiemcnts for a full 8 weeks after discontinu- 
ing active didofenac at either week 18 or week 22. After 
week 30, all subjects were taking both corn oil and placebo 
diclofenac, the latter having been taken since week 18 or 
week 22, 

Cliinical evaluations after basebue were done at 
weeks 18.22.26, and 30 in all patients. After week 30, 
evaluations were performed at the time of a disease flare, 
which served as a termination visit, or at week 48, which was 
the study termination. Individual patients were evahntted by 
the same investigator for the duration ofthe study. A schema 
of the study design is shown in Fm 1.. The clinii 
evaluations performed at each visit have been described 
previously (5). Consistency of nutrient intake was analyxed 
BS previously described (5). 

Outcome measures were also calculated using the 
criteria of Pauhts et al (21) and OMERACT (Outcome 
Measures in Rheumatoid Arthritis Clinical Trials) (22). 
Seven binary (WY) improvement scores were constructed: 1 
overall Paulus Index, and an OMERACT score for each of 
the 6 outcomes. The Paulus Index is scored as 1, if 4 of the 
6 following measures show ~20% improvement: tendajoiit 
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a- count, swollen joint count, duration of morning stiffness, 
l pip strength, and physician aod patient’s evaluation of 
I global arthritis activity. The percentages of improvement 
necessary for a score of 1 on the OMERACT measures are 
as follows: 27% for tender joint count, 17% for swollen joint 
count, 25% for morning stiffness, 25% for grip strength, 3% 
for physician’s global evaluation, and 35% for patient’s 
global evaluation; 

The time intervals ;xamined were baseline to maxi- 
mum duration of diclofenac, baseline to maximum duration 
of fish oil, and maximum duration of diclofenac to maximum 
duration of&h oil. The chi-square statistic was computed to 
test for a sign&ant association between study group (fish 
oil/corn oil) and the Paulus and OMERACT scores for each 
time period. 

Laboratory evaluations. Laboratory studies per- 
formed at baseline. at the maximum duration of diclofenac 
(week 18 or 22), at the maximum duration of fish oil (week 26 
or 30), and at disease flare after week 30 or at study 
termination (week ss). Evaluations were the same as those 
previously descrii (3). 

Immuoologk stndles. Immunologic studies were per- 
formed at the same times as tbe laboratory evaluations 
(baseline, week 18 or 22, week ?6 or 30, and between week 
30 and week 48 or at week 48). Serum enzyme-linked 
immunosorbent assays (ELISAs) were performed to assess 
the following levels: IL-l& IL-2, IL-6, IL-8, and tumor 
necrosis factor a (TNFa). All ELISAs were run on sera that 
had been stored at -80°C and processed simultaneously. 

Statistkrrl ani3JysJs. Several typq of analysis were 
performed on the data for this study, each using SPSS 
Version 5.0.1 for Windows on an IBM 80386 computer. To 
determine whether chaoges in clinical and other parameters 
oirer.the course of the study were statistically signilieant 
from  zero, 2-tailed r-tests were perfomd with data from the 
fish oil and corn oil supplement. groups. For these tests, a 
dummy variable, equal to zero for all cases, was created to 
use in the Paired Comesons option in the SPSS T-Test 
command. A number of changes were examined-in the 
study: changes from baseline to week 18, from baserme to 
week 26, from week 18 to week 26, from week 18 to week 22, 
and from the screening visit to week 22. 

To compare the fish oil and corn oil supplement 
groups, Ztailed independent-sample r-tests were wormed 
using the SPSS T-Test co nunand. For these comparisons, a 
dummy variable fish oil (-0 for the corn oil group and - 1 for 
the fish oil group) was used to define the indewndent groups. 
The following changes +vere compared: from baseline to 
week 18, from baseline to week 26, from week 18 to week 26, 
from week 18 to week 22, and from the screening visit to 
week 26. Correlation cocfikients were calculated using both 
Pearson and Speammn computations. 

ItEsuLTs 

The changes in clinical parameters after discon- 
‘tinuation of active. diclofenac are repotied in the 
following ways: 1) the change 4 weeks after discontin- 
vation; 2) the change 8 weeks after discontinuation; 

. 
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TabJe 2. Mean &ange from maximum duration of diclofe& to 
first visit while taking dicJofenae pJacebo* 

F&oiJ(n - 19) corn oil (n - 20) 

Mean ‘c SEM Mesa 2 SEM 
CJ-S p. ww P 

Tender joint count 3.7 f 1.3 0.008 3.0 2 3.0 0.34 
Swokn joint count 0.11 z 1.1 0.93 1.1 2 1.0 0.29 
AH s~s, minutes 43.1 r 21.4 0.06 100.2 = 53.0 0.08 
Patient’s assessment 0..21 z 0.16 0.22 0.58 = 0.19 0.001 

ofpah.04scale 
Physician’s 0.37 f 0.14 0.02 0.47 2 0.23 0.06 

assessment OfJXiin, 
Mscak 

Grip.streng&, m m  Hg -13.1 + 5.3 0.02 -6.4 +: 6.1 0.31 
Patient’s gJobaJ 0.37 2 0.16 O.d3 0.53 + 0.21 0.02 

assessment of 
arthritis activity. 
04seak 

Physlcii’r gJoiJaJ 0.15 + 0.12 0.19 0.26 t 0.10 0.02 
assessment of 
arthritis activity, 
MscaJc 

JntuvaJ lo onset of -0.19 + 0.40 0.64 -0.76 f 0.56 0.19 _. 
fatigue. boun 

JXastoJic BP. m m  Hg -2.0 f 2.1 0.34 0.4 2 2.1 0.84 
Systolic BP, IIM  Hg -5.1 z 3.2 ‘0.13 1.7 2 2.8 0.56 

l Patients received diclofenac throu& either week 18 or week 22. 
The tirst visit wlhile taking diclofew placebo 0ccuTred at eJtha 
week 22 ot.weeJc 26. respcctJveJy:Patients~takiag fish oil received 
these supplements for 8 full weeJcs after .bcgJnnJng diclotenae 
placebo (see Patients and Methods). BP = blood murc. 

3) the change from baseline to maximum duration of 
fish oil after stopping active diclofenac; 4) the change 
from the screening visit to the first visit after stopping 
active diclofenac. 

Elfect of dietary oll supplements on ti fian 
alter discontinuation 6f diclofenac: change from  maxi- 
mum duration of active diclofenae to 6rst ‘visit wblle 
taking diclofenac placebo. The mean changes in clinic 
parameters between the time of the evaluation afker 
the maximum duration of diclofenac to the first visit 
while taking the diclofenac placebo are &own in Table 
2. In patients consuming fish oil, s&n&ant worsening 
was observed in patient’s global evaiuation, grip 
strength, physician’s evaluation of pain, and the ten- 
der joint cotint. Patients consuming corn oil showed 
significant worsening in both the physician’s and the 
patient’s evaluation of global arthritis activity and in 
the patient’s evaluation of pain, but not in the number 
of tender joints. 

Morning stiffness shdwcd a trend toward signif- 
icant prolongation in both groups. Patients consumirig 
fish oil alSo exhibited a nonsignificant decrease in both 
systolic and diastolic blood press& after discontinu- 



z?J-DbSE FISH OIi AND NSAID DISCONTINUATION 1111 

-e e 3. Mean change from baseIine to maximum duration of fish 
*ppJementation while receiving diclofenac placebo for 8 weeks* 

Fish oil (n = 1s) ComoiJ(n= 14) 

Mcaa -c SEM Mean-CSEM 
cllaagc P change P 

der joitit count -7.8 2 2.6 O.Ol# -6.4 2 2.2 0.78 
dlen joint Count -4.7 2 2.7 0.10 -5.6 z 1.7 0.004 
stihess. minutes -713 Y 41-s 0.12 -2.1 2 14.9 0.89 
.eat’s assessment 0.10 2 0.35 0.78 -0.08 2 0.31 0.80 
fJrain,0-4scale 
Gzian% -0.40 2 0.22 0.10 -0.08 = 0.26 0.75 
sscssment of pain. 
-4scak 
p strrngth. mm Hg 17.3 = 13.6 0.23 -13 f 11.5 0.90 
ient’s global -0.10 -c 0.28 0.73 -0.17 = 0.27 0.55 
ls!3cssment of 
utlllitis activity, 
usde 
ysws global -0.40 r 0.16 0.04 -0.17 2 0.21 0.44 
uteumtnt of 
u-thritis activity, 
3-4scaJe 
EUVSiJtOOllSCtOf 0.23 = 0.67 0.74 -0.63 2 0.46 0.20 
fatigue, hours 
astolic BP. mm Hg -8.6 2 83 0.04 -2.3 -c 2.0 0.28 
*stoJic BP, mm Hg -2.1 2 17.0 0.24 -0.28 t 4.7 0.9s 

R&-U in the Jish oil group took the su~kment tbnmgh week 26 
u 30, which wsu 8 we&s after begirudng diclofenac placebo 

:e Larients and Methods). BP - blood ~rcssurc. 

0 P==0.O43versuSwmoil group. - 

~g diclofenac. None of,the clinical changes in the fish 
. c group versus the corn -oil-group during this time 

rere significant. 
Change 8 weeks af’ter‘discontinuing diclofenac. 

Lfter switching to diclofenac placebo at week 18 or 22, 
latiepts consuming fish oil continued these supple- 
aents for a fuU 8 weeks (F’igure 1). Nonsignificant 
lecreases in both systolic and diastolic blood pressure 
:ontinued to be seen in those who were taking fish oil, 
jut not in those who were taking corn oil. None of the 
:hanges during this pe.riod achieved significance when 
patients receiving fish oil weri compared with those 
receiving corn oil. 

Change from baseline to maximum ‘duration of 
fish oil (week 26 or week 30). In patients consuming fish 
oil, the week-26 or week-30 change from baseline in 
the physician’s global evaluation of disease activity 
achieved significance (-0.40 f 0.16; P = 0.04), as did 
the decrease in the tenderjoint count (-7.8 + 2.6; P = 
0.01) (Table 3). The change in the number of swoll& 
joinis from the number at basel’me achieved signifi- 
C c in patients taking corn oil (-5.6 + 1.7; P = 
0.004) (Table 3). The improvements in the tender joint 
:ount and physician’s global evaluation of disease 

- . 

activity from baseline in patients taking fish oil and the 
decrease in the swollen joint count in those taking coni 
oil were achieved despite their having taken placebo 
diclofenac for 8 weeks at the time of this evaluation. 
The decrease in the tender joint count at this time in 
patients consuming fish oil was sig&cant compared 
with the tender joint count in patients consuming corn 
oil (P ‘= 0.043). 

Changes induced by dietary oil supplementation: 
evaluations from baselioe to maximum. duration di- 
clofenac (week 18 or week 22). In patients ingesting fish 
oil, significant improvements from baseline were ob- 
served after the’ ma&mum duration of diclofenac at 
weeks 18 or 22 in the physician’s and patient’s global 
evaluation of disease activity (-0.33 2 0.13; P = 0.017 
and -0.38 & O&17; P = 0.036, respectively), physi- 
cian’s evaluation of pain (-0.38 -c 0.12; P = O-004), 
duration of morning stiffness (-67.7 f 23.3 minutes; 
P = O.OOS), and the number of tender joints (-5.3 +: 
0.835; P C 0.0001). The. decrease in diastolic blood 
pressure in patients taking fish oil showed a trend 
toward significance (-5.4 & 2.7 mm Hg; P = 0.06). 

None of the changes in the patients receidng 
corn oil .achieved significance during this time, al- 
though there was a trend toward a decrease in the 
number of swollen joints (-1.3 2 0.68; P = 0.06). 
Diuing this period, none nf thechanges from baseline 
in%he fiSh.on’,group achieved:+Gficance when COW ‘YW’ 
pared with the corn oil group.. 

Results by Paulus and OMERACT criterfa. 
When analyzed by the Paulus criteria (21), there were 
no significant changes in disease activity between the 
fish oil and corn oil groups for any of the’ time periods 
evaluated (P > 0.20). By.the OMERACT criteria (22) , 
for the outcome-measure, physician’s global assess- 
ment, there were significanUy mor& responders from 
baseline to the maximum duration of diclofenac in the 
fish oil group than in the corn oil group (7 responders 
of 20 patients taking fish oil; 1 responder of 21 patients. 
takingcomoil;P= 0.02), For the same time period, 
for the tender joint count, there were more responders 
in the fish oil group than in the corn oil group; but the 
difference did not reach statistical significance (14 
responders of 20 patients taking fish oil; 10 responders 
of 21 patients taking com.oil; P = 0.146). By OMER- 
ACT criteria, there were no significant between-group 
differences (P > 0.20) for any of the variables for 
either of the remaining time intervals analyzed. 

Change in IL-1s from baseline to maximum 
duraUon of diciofenac. A significant decrease from 
baseline was observzd in IL-1s levels in patients 
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receiving fish oil at this time (-7.7 zz 3.1; P,= 0.026). 
None of the other within-group changes in cytokine 
levels from baseline achieved significance. None of the 
changes from baseline were significant when pa- 
tients taking fish oil were compared with patients 
taking corn oil. 

Change in qtokine levels from maximum dura- 
tion of diclofenac to maximum duration of tish oil. We 
compared the change in cytokine levels between the 
maximum duration of diclofenac and 8 weeks later, 
which was the maximum duration of fish oil in patients 
in this group. None of the changes were significant 
within or among groups. 

Change in eytokine levels from baseline to max- 
hunm duration of fish oil. From the baseline evaluation % 
to the maximum duration of fish oil at.week 26 or 30, 
there was a significant increase in TNFa levels in the 
patients taking fish oil (45.1 f 13.6; P = 0.013) and in 
those taking corn oil (65.8 f 27.5; P = 0.038). None of 
the other within-group changes from baseline to this 
time were significant. No significant changes in cyto- 
kines were observed when patients taking fish oil were 
compared with those taking com.oil at this time. 

We also examined the effects of discontinuing 
diclofcnac.on the production of cytokines in all study 
patients combined,, and. found no significant. dier- 
ences between .weeks18 or 22 .and .weeks 26 or 30. 

. Analysis of the 3day:food. diaries revealed a 
consistent pattern of nutrient intake throughout the 
study in both study groups (data not shown). Pin 
counts showed a 93% overall compliance rate in 
patients consuming fish oil and 88% in those taking 
corn oil supplements. 

DlsCUSSION 
In the present investigation, we were interested 

in expanding the observations of the effects of fish oil 
to include an examination of the effects of & fatty 
acids on the production of other cytokines in patients 
with RA. We &o used a higher dose of CIB~ supple- 
ments than any previouslyreported. The high-potency 
capsules enabled us to.give a person weighing 75 kg a 
total daily dose of 9.75 gm of 03 supplements at our 
study dosage.of 130 mglkglday. Since dose-dependent 
effects of ‘03 supplements have previously been re- 
ported in hypertension (23) as well as .in RA (S), we 
were interested in whether the higher dose used here 
would result in further clinical benefit. In addition, by 
substituting a visually identical placebo diclofenac for 
the active drug, both patients and investigators could 

remain blinded; this would allow us to assess whether 
background dietary manipulation would allow patients 
to successfully discontinue this class of medication. 

Our results confirm that fish oil dietary supple- 
mentation results in significant improvement in tender 
joint counts and other clinical parameters of disease 
activity from baseline activity. However, none of th 
improvements in the patients receiving fish oii 
achieved significance at the time of the maximum 
duration of didlofenac therapy (at 18 or 22 weeksj 
compared with patients receiving corn oil. During this 
time interval, patients receiving corn oil also exhibited 
many improvements which did nob achieve statistical 
significance. In addition, the magnitude of the im- 
provement from baseline that we observed in patients’ 
taking high-dose fish oil was indistinguishable f’ro~ 
those previously reported in patients consuming toti. 
doses of 03 fatty acids that ranged from 3 to 6 @day 
(5,ll). We cannot therefore recommend further inves-. 
tigations with the doses we used, which resulted in the 
daily ingestion of 9 gm of 03 supplements in a person 
weighing 70 kg. 

Jmprovements from baseline in. patients with 
F2A who take fish oil often do not achieve statistical 
significance compared. with other dietary fatty acid 
interventions. This may be,because the biologic effect. 

‘.;are not powerful enough or because of either a placebo __ 
effect or real biologic .effects induced bytheso-called 
“placebo fatty acids,” We have previously wrestled 
with the issue of an ideal control fatty acid to compare 
with fish oil (5) and in this investigation, chose corn 
oil, having used olive oil in 2 previous studies (5,ll). It 
is not unlikely that there are some mono-.or’polyun- 
saturated fatty acids that have Potentially significant 
immunologic effects (24-27). We bdieve that the issue 
of the ideal placebo dietary intervention to compare 
with fish oil has not yet been settled. 

After switching from’active diclofenac to di: 
clofenac piacebo, it was apparent that patients in both 
the fish oil and the corn oil groups exhibited significant 
flares when examined 4 weeks after discontinuation of 
this NS&D (Table 2). Yet, none of these flares re- 
maiued significant. in either group at the time of the 
evaluation 8 weeks after stopping active diclofenac. 
This could be because 5 patients in each group 
dropped out of the study at the time of their first visit 
after discontinuing active. diclofenac (4 weeks after 
diclofenac was discontinued), leaving in the study only 
those patients who were better able to tolerate the 
discontinuation of this NSAID. 

The patients’ clinical status after discontinuing 
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&clofenac and while receiving fish oil and corn oil was 
examined in several ways. We examined their clinical 
status while off diclofenac after the maximum duration 
of fish oil exposure (week 26 or 30) and compared this 
,,+h their baseline status while receiving diclofenac. 
we believe it is meaningful that the iniprovement in 
the number of tender joints was significant in the 
patients remaining on the fish oil supplementation 
regimen at this time when compared both with their 
basefine status and with the patients receiving corn oil 
&ppiementation during the same period. The patients* 
status after stopping diclofenac was also compared 
with their status after stopping their previous NSAID 
at the time of the screening visit. Most evaluations 
showed that the character of the flare was worse at the 
screening visit, when patients were not consuming 
dietary fatty acid supplements (data not presented). 

Other investigators have reported on whether 
dietary supplements of fish oil. can affect NSAID 
requirements in patients with RA (15,16,18,28). We 
believe that our data support the previous observa- 
tions that selected individuals with RA may discon- 
tinue NSAID therapy while consuming 03 supplements. 

0 
We also observed reductions in blood pressure 

t were consistently greater in patients taking fish oil 
bran in those taking corn oil. The reduction in diastolic 
pressure achieved significance 8 weeks after stopping 

. diciofenac inpatientswhocontinued to receive fish oil 
supplementation. There are well-described effects of 
dietary supplementation with 03 fatty acids on the 
vascular system (29), which have been documented in 

-patients with primary Raynaud’s phenomenon (30) as 
well as hypertension (24.30. 

We were unable to demonstrate an inhibitory- 
effect of dietary fish oil supplementation on the serum 
concentrations of IL-2, IL-6, I.L-8, or TNFa. We 
confirmed our previous observation that fish oil sup 
plementation inhibits the production of IL-18 (S), 
which others have also reported in patients with RA 
(19). Meydani et al (32) @so reported an inhibitory 
effect of fish oil on the pr&&ion of TNFa and IL-6, 
although they used an in vitro system of mitogen- 
stimulated peripheral blood mononuclear cells derived 
from nomml volunteer donors. We actually observed’ 
an increase in TNFa levels 8 weeks after diclofenac 
was dzscontinued .in patients who continued to take 
fish oil and corn oil. The significance of this obsenra- 
tion is presently unclear. 

0 
In summary, we have demonstrated that ia- 

ts with active rheumatoid arthritis who consume 
rugh-dose fish oil supplements exhibit improvements 

1. 

2. 

3. 

4. 

5. 

over baseline in multiple clinical parameters, imprdve- 
ments that are not seen in patients who consume corn 
oil supplements. Only thi improvement in the tender 
joint count achieved significance (P = 0.04) compared 
with those taking corn oil; however, the magnitude of 
the changes did not differ from that found in previous 
investigations employing lower. doses. Therefore, the 
actual mechanism(s) of the improvements observed 
remains imperfectly defined. The benefits are associ- 
ated with a significant decrease in &1~...Although 
some patients in either dietary supplement group, ex+ 
hibited significant worsening of clinical parameters 
after stopping diclofenac, the flare was not associated 
with significant changes in serum cytokine conceotra- 
tions. Although patients taking highdose fish oij ex- 
hl%ited significantly fewer tender joints 8 weeks after 
stopping diciofenac than they did at baseliie while 
taking the drug, and this effect ti’ significant com- 
pared with the group taking corn oil, we were never- 
theless unable to demonstrate a clinically important 
NSAID-sparing effect of fish oil immediately’ after 
discontinuation of diciofenac. Our results suggest a 
possible modest NSAID-sparing effect of fish oil di- 
etary supplements, which should be further explored 
in well-designed clinical trials; 
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The Phospholipids: PC and PS 
ospholipids, nutrients in cell membra&s that 

I? 
are essential for the body, are important “build- 
ing blocks” for cells that form the lipid bilayer in 

each cell membrane. Two of the more popular phos- 
pholipids on the market are phosphatidylserine (PS) 
and phosphatidylcholine (PC). PC and PS support 
many cellular functions, including liver deto%ification 
and homeostasis. 

TS has been getting a lot of attention lately,” says 
r ofR&D and technical&&es~at 

sign, lL);which offers i lhie of 
roducts. One reason for the height- 

ened popularity of these supplements is that consumer 
magazines have referred to PS as a memory enhancer 
and breakthrough brain nutrient that offers nutrition- 
al-support for brain function. 

“Numerous clinical studies have showi\ that when 
PS is taken regularly as a dietary suppler&, it can 
help maintain or improve memory, concentration, and 
learning” Pischel says. “As a result, PS is gaining in 
popularity among health-conscious’consumers, espe- 
cially those age 40 and over.” 

&e and odor that is a common turnoff for many would- 
le omega-3 consumers. The fact that OmegaTech’s DHA 
lees not come from fish oil also makes the product popu- 
ar among vegetarians, according to Klacik. Ths versatility 
d the fermentation process has even allowed the company 
D extend its operations into the functional foods industry. 
:or instance, OmegaTech DHA is used to produce the Gold 
Srcle Farms brand of DHA-enriched eggs, which are 
mated by adding ,algae to the chickens’ feed. 

Roche Vitamins Inc . currently suppRes a line of special- 
y deodorized fish oils and encapsulated powders. To avoid 
resting a product with undesirable flavors, the company 
tiorms a sensory rating on every batch of its ROPUPA 

'30' n-3 food oil . 
and ROPUFA ‘10’ 
n-3 food powden 

“We use a GC- 
MS to detect the 
presenceofcertain 
molecules. that 
might otherwise 
eventually con- 
tribute to fishy 

1 off-notes,” Hnat 
~ explains.. 

Hnat adds that 
several food com- 
parties have been 
working on proj- 

: ects that involve 

1tWUFA.?lR'r3~pw~bpu?ofRocb. 
RocheJs omega-3 

VitUllhSbb’SRlNOfqc611~~fiSb 
pr&itEE. Projects 

dbd~pelvlrr~odqlf~ that are -dY 
nmkk . 
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The FDA is readying final CGMPs. In the meantime, there are ways . 
to create CGMPs right noti. ._ 

T he establishment of the supple- 
ment CGMPs that’were author- 
ized under DSHEA would go a 
long way toward achieving uni- 

formly high quality throughout the 
industry. Indeed, five different indus- 
try associations wrote to the Oftice of 
Management and Budget in Novem- 
ber 2000 supporting the publication of 
FDA’s proposed CGMPs before the 
end of the year This, of course, did not 
happen. In lieu of final CGMPs, most 
manufacturers have been forced to 
choose from one of a few strategies. 

Theeasiestoptionisdotonothingat 
all. It is an inexpensive albeit risky 
.choice, since the industry cannot 
afford substandard product that fur- 
ther erodes consumer confidence. 
What’smore,PDAisdosetofina&ing 
standards and may not give compa- 
nies more than a year to comply. Since 
coming up to speed often takes more 
than a year, companies without any 
form of CGMPs risk not only a missed 
deadline, but also their future. 

A more realistic option is to adopt 
the standards of a third-party certifier. 
Thischoice provides instant credii- 
ty in the market, but it can also be 
expensive. Also, when final CGMPs 
are published, changing to the new 
standard could increase the price fur- 
ther if the FDA program does not 
match the certi%fs. 

In 1999, the National Nutritional 
Foods Association (NNFA) inaugurat- 
ed a vohmtary certification program 
for its members, which involves 6 
third-party audit of the entire nianu- 
f&%ringprgessfromrawmakrials 
through packaging of the finished 
.product. To date, 20 NNFA member 
companies have been certified, and 
about 70 mom have @stered, accord- 
ing to Phillip Harvey, NNFA’s direc- 
tor of scieruze and quality. assumnce. 
Harvey, who oversees the CGMP cer- 
tification program, notes that in some 

68 

respects, the NNFAstandards surpass 
those included in FDA’s 1997 Advance 
Notice of Proposed Rulemaking. 

Harvey acknowledges that the vol- 
untary certification program’s stan- 
dards aren’t as strict as the “pharma 
CGMPs.~ But he cautions against stan- 
dards that are too strict, which would 
preclude the registration of manufac- 
turers that may qualify under the vol- 
untary program. “With the drug 
CGMPs, it’s a process to get to that 
level,” he says. “The program has to 
be achievable and effective. It has to 
be done in increments.” 

Still, some supplement manufactur- 
ers and many of their suppliers are 
already in compliance with FDA’s 
pharmaceutical CGMPs. And even 
some who aren’t already supplying 
the @rmaceutical market do believe 
that ultimately, the supplement 
CGMPs will resemble those for phar- 
maceuticals. “At some point, the nutri- 
tional industry is going to have to 
addresstheseissues”withrespectboth 
to labeling regulations and CGsuIps, 
says Clark Sayer, a consultant to 
Schaefer Technologies In& (Indi- 
anapolis, IN). . 

In Sayer’s view, FDA% foray into 
supplement labeling-the February 
2000 rule pertaining to structure- 
function claims-is the agency’s 
beachhead in a larger campaign to 
bring the industry into regulatory 
compliance. “FDAwill startwithlabel- 
ing, as they’ve already done,” Sayer 
says. That ruling, now a year old, rep- 
resent% FDA’s attempt to require man- 
ufacpreri to prove their claims. 

The agency3 next move, Sayer says, 
will be to regulate packaging includ- 
ingissuessuchascontent,uniformity, 
and homogeneity, Finally, FDA will 
address the manufacturing process 
itself-via the CGMPs. 

Sayer and others advise supplement 
manufacturers and their ~@iers to 

bring their operations into compliance 
with the pharmaceutical CGMPs even 
if they are not -currently in the phar- 
maceutical business. “When FDA 
comes out with CGMPs, there is, going 
to be a major fallout,” Sayer says, 
adding that those foliowing the phar- 
maceutical CGMPs “will be the ones 
that survive-# 

“The smaller manufacturer who 
can’t be compliant is going to be 
gone,” adds Jonathan Pinkus, presi- 
dent of Arizona Nutritional Supple- 
ments (Chandler, AZ). And, in order 
tobe’compliant,Pinkussays,theman- 
ufacturer is going to have to invest in 
an analytical lab, top-quality equip- 
ment, and the right staff. 

Infact,somegosofardstorecom- 
mend spec&aUy seeking out facilities 
that are already in compliance with 
pharmaceuticalcGMPs.9n&osing 
a supplier, I would recommend audit- 
ingtheirfacilitytoensure theircGMP 
compliance,” says Michelle Zollnq 
marketing manager of Banner Phar- 
macaps(HighPointNC).~entails 
touring the manufacturing plant and. ; 
laboratories and the review of.various 
documents.” Zollner says this process 
includes; but is not limited to; review- 
ing FDA filings, standard operating 
procedures, CGMP documentation, 
tdning records, t4pe&cations, bat& 
recods, and validation reports. 

Comments about the proposed 
CGMPS are currently under review,. 
and the FDA has made passing the. 
final regulations a priority. Although _ 
theagencyhasnotsetadate,thereis 
speculationthattheruleswillbeout . 
this year. .Now is the time to begin . 
investigating how to put them in 
place. 

TheprqposedCGtistaniiards;crmhe 
jbund iir their entirety on the FDA Web 
site, http://vm.cfsan.fda.gool-dms/ 
supphnnthhnf. 9 zaa+c’ 
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P h o ~ p h a tidy lc~ 6 lin e : A  S u p e rio r  P ro tec ta n t A g a inst L iver  D a m a g e  

Parr is  M . K idd,  P h .D. 

A b s tract 

P h o s p h a tid y k h o h n e  (PC)  is o n e  o f th e  m o s t i m p a r ta n t s u p p o r t n u tr ients fo r  th e  l iver. P C  is a  phospho l i p i d , a  l a rge  b id log ica l  ’ 
m o lecu le  th a t is a  un iversa l  bu i l d ing  b lock  fo r  cel l  m e m b r a n e s . A  cel l’s m e m b r a n e s  a r e  its essence:  th e y  r e g u l a te  th e  vast 
m a jority o f th e  activit ies th a t m a k e  u p  life . M o s t l iver m e tabo l i sm occurs  o n  celI m e m b r a n e s , wh ich  occupy  a b o u t 3 3 ,0 0 0  
s q u a r e  m e ters  in  th e  h u m a n  M o r e  th a n  2  d e c a d e s  o f c l in ical  tr ials ind icate  th a t P C  p r o tects th e  l iver aga ins t d a m a g e  f rom 
a l c o h o l i ~ p h a r m a c e u ticals, po l lu tant  substances,  v iruses, a n d o th e r  tox i c in f l uenceqmos to fw l i i chopera tebydamag& 
cel l  m e m b r a n e s . T h e  h u m a n  l iver is c o n f ron ted wi th te n s  o f th o u s a n d s  o f e x o g e n o u s  substances.  T h e  m e tabo l i sm o f th e s e  
x e n o b i o tics c a n  resul t  in  th e  l iver’s d e toxicat ive enzymes  p r o d u c i n g  react ive m e ta b o h tes  th a t a ttack th e  l iver t issue. Dietary.  
s u p p l e m e n ta tio n  wi th P C  (a  m i n i m u m  8 0 0  m g  dai ly,  wi th m e a ls) signif icant ly s p e e d s  recovery  o f th e  hver .PC h a s  a l s o b e e n  
s h o w n  to  b e  e ffect ive aga ins t a l coho l’s l iver toxicity in  w e R - c o u tro l led stud ies  o n  b a b o o n s  P C  h a s  o th e r  qual i t ies th a t 
e n h a n c e  its u s e fu h tess as  a  d ie tary  s u p p l e m e n t. P C  is safe, a n d  is a  safer  m e a n s  fo r  d ie tary  cho l ine  repk t ion  th a n  cho l ine  
itself. P C  is ful ly c o m p a tiik wi th p h a r m a c e u tica ls  a n d  wi th o th e r  n u trients. P C  is a lso  h igh ly  b ioava i i le  ( a b o u t W A  o f th e  
a d m in is tered a m o u n t is a b s o r b e d  ove r  2 4  hours) ,  a n d  P C  is a n  excel lent  e m u lsif ier th a t e n h a n c e s  th e  b ioavaiWi l i ty  o f 
n u tr ients wi th wh ich  it is co -admin is te red  P C s  d iverse  b e n e fits a n d  p r o v e n  safety ind icate  th a t it is a  p r e m i e r  l iver m ttrie n t 
( A h  M e d  Rev  1 9 9 6 ; 1 (4 ) :2 5 8 - 2 7 4 )  

In trG d u c tio n  

P h o s p h a tidy lcho l ine  (PC)  is a  phospho l i p i d  n u tr ient th a t is a  m a jor  bu i l d ing  b lock  fo r  al l  k n o w n  cel ls.1 P C  is th e  m o s t 
a b u n d s n t const i tuent  o f cel l  m e m b r a n e s , th e  th i n  a n d  de l ica te  yet dyuam ic  sur faces o n  wh ich  cel ls carry  o u t m o s t o f the i r  
activit ies (F imne .. T h e  “workho rse” p a r e n c h y m a l  cel ls th a t m a k e  u p  th e  l iver a r e  espec ia l ly  re l iant  o n  the i r  m e m b m m $  
a n d i tb a s b e c n e s tim a te d th a tth th u m a n ~ ~ a s a ~ l ~ ~ ~ ~ s o m e 3 3 ,0 0 0 s q u a r e ~ o fo e n m & n b r a n e .3Thc  
l ive& w ide  r a n g e  o f ftm & n q  as  wel l  as  its capaci ty  fo r  o n g o i n g  r e n e w a &  h i n g e  o n  its abi l i ty to  m a k e  n e w  cel l  m e m b r s n e j  
wh ich  a r e  o n  a v e r a g e  6 %  P C . D e c a d e s  o fbas ic  a n d  cl in ical  r esea rch  o n  th is  n u tr ient ind icate  th a t it is crit ical fo r  o p tim a l 
l iverf imct ion. 

In  i&  p m g m m m e d  e ffo r ts to  r id  th e  b o d y  o f p o te n tia l  toxins,  th e  l iver paradox ica l l y  g e n e r a tes  ‘tox ins  th a t c a n  d a m a g e & e  l iver . 
l i vc r t i ssuc .Th iscan~bec,aasewo~onhasbeent ; i ckuk  m a n m a d e ’fon ignsubs tancesrsct ivatethel ivds’n a tu ra l  ._  
e n z y m e  ,d e tox iG cat ion p a thways,  b u t o fb u t th e  m e tabo l i tes  th a t th e  l iver g e n e r a tes  f rom th e m  v iasuch “b ioscbwat ion” a r e  
m o n to x i c t h a n t h e ~ ~ ~ ~ w h e th e r thei r to~occursdi rect tyor fo l Iowingbioact ivat ios,v i r tua l ly~of tbe 
a g e n tsth a td a m a g e the l i ve rdosobywayo fa~kon themtmbrane~o ftb e ~ h ~ o e ~  

M e m b r s m e s y s te m s ~ c e n trat to thes\wiva laadspec ia l izadf imct ion ingof~cel ts .~ laorda~carry j j tsmicabol ic  
responsib i l i t ies,  th e  l i ve rparenchyma l  cel ls a r e  dense ly  p a c k e d  wi th m c m b r a n e s .G iventh iscentG i l ro leof~ in the . 
l ids fh n c tio n s , th e  d e m o n s t ra t lasuper ior i tyo fpCin~gtbe l iveraga ins tdamageis tboroa~~wi t f i t f re  1 ’ 
k n o w n m e c h a n i s m s o f l i verhomeostas’ 1 5 ,tox ic l i verdamage,andthe l i vds~very~~.Ou io f th iscos lesadramst ic  
conc lus ion  P C  is th e  s ing le  m o s t h p o r ta n t m a r i e n t fo r  th e  l iver. ( see  

T h e  H u m a n  Liver ,  th e  D e toxi f icat ion P a r a d o x , a n d  P C  
I 

T21e l i va~ tb e b o d y ’s m a i n o r g a n fa r .~gsmldisposingof tox ias,yet is i tse l f~bktot~e~sl lchtox ic  
a- is  b o th  e n d o g e n o u s  (fi@ m  tox ins  g e n e r a te d  in  th e  l iver), a n d  e x o g e n o u s  ( d u e  to  tox ins  c o n & g  f rom th e  o u tsid e ) . 
S ~ m ta b o l i c ~ ~ a r e ~ ~ ~ to d e a l ~ th e tox inscomingf iomei thasource,butdueto tbest ress l l  
iu f luences o fm o d e r n  lifk, toxic ove r l oad  is a  c o n & a n t possibi l i ty. 
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The healthy liver is the body’s largest organ and is probably also its most metaboiicaiiy versatile. The liver carries out 
hum&e& if not thousan& of sophisticated enxymatic reactions along numerous metabolic pathways. Bnxymes residing 
within the membranes of the parenchymal cells produce biological molecules by synthesis from smaller molecules, by the 
modification of pre-existing metabolites or Corn newly-absorbed nutrients. The parenchymal cells also process hormonesand 
many other metabolic waste products into water-soluble compounds for subsequent excretion. With the myriad of functions 
that it performs, the liver plays a pivotal role in maintaining. homeostasis, i.e., health in’all its aspects. But these routine liver 
fimctions do generate intrinsic, potentially toxic metabolites. 

Normally the parenchymal cells are well equipped with protective antioxidant enzymes and with water-sohible antioxidants 
such as glutathione, cysteine, and taurine to neutralize endogenous toxic metabolic products. However, with the additional 
challenge posed to the liver’s defenses by food-borne toxins and by the bioactivation products of xeimbiotics, in&ding 
lifestyle-related substances such as alcohol the liver’g’s- detoxification enzyme systems can be diverted to the compulsive 
generation of toxic metabolites that attack their maker. Last but not least, by being the fmt way-station for the blood draining 
the intestines (via the portal circulation), the liver tissue is directly exposed to preformed toxins that enter by the oral route. 

It is highly doubtful that the human liver is evolutionarily equipped to cope with the tens of thousands of toxins generated by 
modem circumstances: pharmaceuticals, pollutants, and other toxins associated with a self&u&e lifestyle. As the liver 
becomes overburdened with such toxins, its stores of protective antioxidants are progressively depleted.4 Parenchymal cells 
die, and cell death spreads zonally. Left unchecked, necrotic and inflainmatory damage comes to threaten whole regions of 
the liver. 

Overall Clinical Benefits of PC for the Liver 

A large number of controlled clinical &als, conducted mostly in Europe, have investigated PC for themanagement of liver 
damage coming from a variety of toxic insults. In a landmark study published in 1973, WaBnoefef and Hanusch in Germany 
followed 650 subjects with various degrees of liver damage for at least 5 years.6 This trial relied on biopsy, conducted in 
conjunction with blood analyses and clinical tests, to assess the scope and character of liver damage.7 The subjects received 
PC for periods that ranged from 4 weeks to several years. The distr$utions of subjects, listed in groups according to 
approximate degree of damage severity, was as follows: fatty degeneration, 1x=130; acute inflammation, ~157; per&ent 
inflammation (subacute and chronic), n=Il; chronic inflammation, 1~122; chronic aggressive * n ‘-on, n=m, advanced 
fibrotic damage, n=130. All subjects were begun on intravenous PC (950 mg*) along with oral PC (4X1-700 mg*), until 
blood parameters began to return to normal, they were then shifted to oral PC only. 

Allthegrorrpsofsubjbcts.inthisstudybenefittd~mrecei~pC.of~~.wi~lnilddamage,~tbanhalf(5~.1%) 
showed excellent e and many s~weds ~~@mced reversal of their fatty degeneration. ht the acute inflatnmation 
group, lab l~yeasufes and biopsy indicated PC acceleratedrecovery~by about 10 days. 3.u the group withpersistent ._ 
irlflammriti0~ Pcitturned the enzyme p- t0normulafter3Odays.Inchmnicaggressivein~ -* ,mczethm 
one-third (35.3%) experienced benefit and among those with advanced fibrotic‘damag~ 17.5Ye benefited. In this last group 
withliverdamageofthegnatestseverity,~ov~wasbettrrwhenpCwasgiveniatravenouslyaswe~~bytheoratmote. 

Sorrentino and collaborators (1982) studied 42 subjects with liver damage stemming &om varied causes and exhiig all 
degrees of severity.* They divided the subjects into 2 groups of 21 each, then provided conventio& ma&gemeut (diet, B . 
vitamins)toone~up.Totheothergrpup,tbGygavePC(1350mg),fartifiedwitbBl,~B(i,B1~sndE.Blood~l~ 
and clinical assessmentswaetakcnafterlmontb,thenat2montbs(thecndoftbetrial).The~weresnbjectedtoa 
customizedbest-fit,leastsquaresst;ltisticalanatysis,Aftirthefirstmontb,theda~on7ofthe8 

-e 

favor of PC (5 of the 7 were 95% sign&ant), then at month 2 the eighth 
paramemwereckarIyin 

pammeter -sGoT-alsobeeaqetsig&Minfiwor 
ofpC.InsuggestingthatpcZcanbehcfittbevarionsstagesoflivadamage,these~~~twiththose0f 
W&oefer and Hanuschs. 
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b&l Assessment of PC In Alcoholic Liver Damage 

7 
Excessive alcohol consumption is still the single most common cause of toxic liver damage in Western societies Alcohol 
damages the liver by various mechanism0 First, it increases oxidative stress: the ethyl alcohol mokcule becomes - 
metabolizedby the liver cell to.acetaldehyde, which is a reactive oxidant (“two-electron stealer”). Acetaldehyde combines 
with antioxidants, often into a molecular compkx (an “adduct?, thereby draining the liver cells of their antioxidant power. 
Acetaldehyde also reacts with enqmes and other proteins and with DNA, damaging these and sometimes causing mutations. 
Membrane phospbolipids and their associated fatty acids also can be damaged or destroyed by tbe highly reactive 
acetaldehyde, which can do as much damage as many free radicals (technically, one-electron steakrs). 

Being a weak polar solvent, alcohol has a dispersiv&isruptive effect on the lipids that make up the matrix of cell 
membranes.9 Alcohol can literally dissolve PC and other phospholipids from the membrane, thereby inactivating the 
membrane proteins that depend on the lipids for activity and weakming the membrane to the point of rupture. By this means 
and through the acetaldehyde pathways, alcohol also attacks the mitochondria, the liver cell organelks that normally generate 
energy. By impairing mitochondrial function, chronic alcohol exposure robs the cell of precious energy msomces me&d for 
maintenance and for more sophisticated functions. As the cell becomes more energetically compromised, its death becomes 
inevitable. 

Mitochondrial damage is the most likely toxic basis fat the early clinical stage of alcoholic liver damage termed “fatty 
liver.“9Je The mitochondria are the organelks that normaUy burn fats (triglycerides) to make energy for the celL When the 
mitochondrial membranes become destroyed by alcohol, the parenchymal cells can no longer adequately metabol& fats. 
Pools of triglycerides then become deposited within hepatocytes throughout the liver tissue. It is thought that as these fatty 
deposits grow, they can come to occlude the &portant fimctions of the cell and cause more severe functional damage. 

Clinically, the fatty liver state represents a relatively mild degree of alcoholic damage to the liver, which can often be 
reversed through diligent personal commitment However, if the individual contimres to consume akohol the fat-laden 
parenclqnal cells can begin to die off in large numbers. An infkmmatory situation then develops: in reqxmse to substances 
exuded from dying liver cells, immune cells migrate into the liver tissue from the circulation and attempt to “mop up” the 
debris. However, with the liver’s energetics and antioxidant adaptability now compmnised, the stage is.set for’the 

process to get out of hand and usher iu a chronic inflammatory state.9 

If liver iufkmmation devebps from alcohol toxicity and is not controlled, as with the continuation of alcohol consumption, 
cellsintbe~~calladlipocytlesaretransformedandbegintoproducecollagen,whichistheprimarymolecularbasisfor 
connective tissue depo&ion and fibrosis. At first the liver may adapt, accelerating its removal of collagen to keep pace with 
the rate of new’depositioa If the liver’s functional state camrot be improved, however, the rate of collagen removal‘eventually 
fidls behind the rate of collagen deposition, andpmgmssiv e collagen accumulation (fibrosis, scar&g) begins to, obscure ever- 
enlarging regions of the liver. Beyond this point, the liver’s many functions become seriously compromi& as it develops 

__ advancad, cirrhotic damage.lO 

clinicartrials- with PC against alcoholic liver damage have consistently produced favorable findings. I&me&l 
~~inla79onadollbleb~trialconduc~inGermanyon40mak~~wbohad~~depositsintheliva 
result@ from alcohol intake, as verified by biopsy.t t A majosity of these subjects also likely had “Stage 2” ir&mu&y 
involvement, as indicated by abnomially-ekvated serum iron, ekvated immunoglobuLA &A), &cl values ofSGOT and 
SGPT35timeshigherthannonuaL 

Ablindc~evaluatianwascojnducttdatlfieendofthetriaSbya~invcstigatornotinformedoftberandomizstion 
code. Of the PC group of 20 subjects, 6 werejudged very good and 14 good Oftbe placebo group, none was very good, 7 
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were good, 8 were moderate, and 5 showed no change. The differences were statistically highly significant in favor of the PC 
group. No side effik firm the PC were observed. In this 2-month trial, PC definitely benefited subjects with alcoholic liver 
damage. It did not completely resolve the more severe mflammatory indicators, which perhaps could have been achieved had 
thetrialgoneforalongerperiod. 

In Madrid in 1985, Schuller Perex and San Martin organized a double-blind trial. 12 They drew 20 subjects with alcohol-. 
induced fatty liver deposits from a population and compared them with 20 matched control subjects. As in the Knuechel 
study just descrii fortified PC was given at 1350 mg per day. The trial went for 12 weeks, and blood samples were taken 
at the beginning and at the end of this trial period. Initially the indicators SW, SGGT, SGPT, AP, and bilirubin all were 
higher in the PC group than in the controls, but by the trial’s end they were signiticantly reduced and were lower than the 
controls. Alpha-2-globulin was also significantly increased (pcO.01). Clinical assessmen tatthetrial’senddetermmedthatin 
the PC group 3 subjeck were good, 14 were average, while 3 had not improved. In the placebo group, 0 subjects were good, 
9 were average, and 11 (more than halt) had experienced no benefit. Ihe authors concluded, “it is our view thatthe use of 
highly-unsaturated phosphatidylcholine for therapy of alcohol-dependent steatoses [fatty liver] is very productive.” 

The above two double&ials just summa&& establish the benefits of PC as an’oral nutritional supplement for the earliest. 
clinically-characterixed stage of liver damage from alcohol abuse - the presence of fatty deposits in the liver. These findings 
are consistent with those from Buchman and collaborators (1992), who gave PC double-blind to 15 subjects with fatty liver 
of non-alcoholic origin as part of an intravenous fetding regimen (TPN-l.13 

The next and more serious stage of liver damage by alcohol is inflammation, which if left untreated can become life- 
threatening In 1990, Panox and collaborators reported on a double-blind trial conducted in England.l4 The researchers 
divided 46 subjects with liver inflammation from alcohol abuse (verified by biopsy) into two groups. The PC group were 
placed on a high intake-about 4.6 grams dailyfiof fortified PC, in contrast to the placebo group, and both groups were 
periodicallyassesstdfor2years,Bytheendofthetrialtberehadbetndeathsinbothgroups,butatreradwasstentoward 
increased sqvival in the PC group (p4.086, short of the pa>.05 required for statistical s@ificance). The group that seemed 
to benefit the most was the intermediate stage of severity (Pugh’s B classification). Tolerance of the relatively high intake of 
PC was good. 

The findings from these and other clinical trials conducted on human subjects with alcoholic liver damage are generally 
consistent tiith a large body of data from animal cxpuimcnk. ‘. 

The evolutionary strategy for normal liver “detoxification” seemingly is to make potentially problematic substances water- 
soluble, suitable for h&x excretion into the bile or the urine. Therefore the healthy liver atterqk to first use the P450 enxyme 
complexes and related pathwas to put a charge on the molecule. It then attempts to conjugate this charged, more react& 
“activated” metabolite with gh~curonic acid or with ghttathione or other antioxidank to render it water-sohrble.4 Ifthe first 
phase enzyme systems become induced, generating copious amounk of exceedi@y reactive activated molecule then the 
resources for conjugation can become @sufIIcient When this happeq activation can still proceed but conjugation fh& and 
the liver tissue becomes a sitting duck for&dative attack by the activated metabolites. Alcohol and many xenobiotica can . 
actually induce, Le., turn on, the Phase 1 systenxi, thereby racking up the potential for the system to oveqmduce activated 
metabolite~. This can -lain why combii intakes of alcohol andlor drugs and/or poWants or other xenobiotics can be 
severely threatcniug to the livefs integrity.%%te In this 
cancausethesystemtoc 

sceDarioanyag~tthat~onpbaselofthe~~~~ 
oncmentiy convert excessive amounk of a second (or third) agent to reactive, oxidant met&&es. 

The Baboon Model of Alcoholic Liver Damage 

Animal studies have helped elk&late the means by which PC exerts its impmssiive clinical benefik against liver damage from 
~ycauses.Inthtcaseof~~themostclini.cally~l~~animat researchtodatehasbeenthe”baboonmodel”of 
alcoholism developed by Leiber and his colleagues at the Mount Sinai School of Medicine and the Bronx Veterans Affairs 

. MtdicalCenterinNewYorkCity,formorethan2~~.10,15,16,~Theirfindisgsc~~~~~~~ 
dietary supplementation with PC is effective against alcoholic liver damage. In early expebenk they fad alcohol torak, and 
fotmd that it impaimd phospholipid synthesis in the rat liver. This partially accounk for fats acammlatiug in the liver cell8 
(“fatty liver”), since PC and other phospholipids are needed to mtabolixe triglycerides. Theq for an “em model” 
closertothehumanstate,theyttu@to researchonbaboonprimatesIEigme. 3b 

Lieber and his associates placed baboons on a daily regimen of alcohol intake. Over a period of years most of the baboons 
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developed features of alcoholic liver damage that closely resembled those seen in humaas, making this is a good “animal 
model” for human liver disease. The researchers also developed sophisticated methods for qwmtitatipg the tissue changes 
seen in liver biopsy samples, and refined biochemical analyses for use on small amouuts of biopsy material. 

Subsequently, using a blinded triz! design, they set up two main grades of baboons, one of yhich received alcohol along z-itt 
PC, the other receiving only akohol.ls After running this primate trial for several years and decoding their results, Lieber’s 
group found that the baboons fed alcohol with PC developed fatty liver and mild fibrosis, but did not progress to advanced 
liver damage far six years or longer. In contrast, the majority of baboons fed alcohol without PC progressed to advanced 
fibrosis (p c 0.005). WhilePC did not block the development of fatty liver in baboons that continued to receive alcohol, it 
dramatically slowed the progress to advanced disease. 

Three of the baboons with fatty liver were subsequently taken off PC while continuing to be fed alcohol. These baboons 
rapidly progressed to extensive liver fibrosis (equivalent to advanced liver damage). From this study and a follow-up study 
using a similar design 17, Lieber’s group were able to fnmly conclude that PC is an effective means for halting (not merely 
slowing) the progression from early-stage alcoholic liver damage into late-stage general+d fibrosis (cirrhosis). (Figure.3) 
PC is unique among both nutrients and drugs, as was pointed out in a supportive peer editorial,** in its ability to halt the 
clinical progression of alcoholic liver damage. 

Subsequent in vitro expeGmen ts by Lieber’s group16 showed that the lipocytes, the liver celk that normally store moderate 
amounts of fats, under the influence of alcohol become transformed to collagen-producing celIs (called “transitional cells”). 
In the intact, alcohol-treated liver these transitional cells intensity collagen production, but initially the liver keeps up by 
breaking down collagen faster (via increased collagenase enzyme activity). As alcohol damage progresses the balance shifts: 
the liver’s collagenase activity drops and continued collagen production by the transitional cells results in progressive 
collagen deposition and extensive fibrosis. This eventually deprives the liver of most of its function (the state of cirrhosis). It 
may well be that in the baboons fed PC along with alcohol, excessive collagen production was partially blocked by PC, and 
collagen breakdown was increased for a sustained period (also via increased collagenase). Ongoing dietary supplementation 
with PC seemingly restored normal collagen balance in the transitional cells, thereby blockiug further fibrosis and protecting 
the baboons for several years and potentially longer. 

These findings with primates strongly suggest that advanced liver damage in humans, clinically expressed as cirrhosis, may 
prove amenable to dietary PC. As a result of this research breakthrough by the Lieber group, excitement developed in the 
U.S. research community around the potential of PC to slow, to stabilize, and perhaps in some cases even to reverse, 
alcoholic liver damage. An editorial in the journal Alcoholism: Clinical and Expe&ental Research discussed PC as a 
possible “magic bullet”g” for this purpose. ** The Lieber baboon studies also established that choline does not have 
comparable benefits to PC for the liver. The small choline molecule is actually part of the headgroup of the large PC 
molecule, but when free choline was added to the baboon diet it proved toxic to the alcohol-damaged liver.48 

Benefits of PC Against Other Liver Toxins 

Further clinical evidence indicates that PC suppor& liver celIs against attack by avariety of toxic agents other than alcohoL 
The trials reporkd in this category are sparse because of the difEculties in assembling victims of toxic exposures. However, 
some clinical trials have been accomplished, and their Endings indicate PC is also unique in its protection of the liver against 
toxins other than alcohol 

As discus& earlier, the liver is directly vulnerable to foreign m (“xcnobiotics”) entering the body. Blood carrying 
newly-absorbed molecules proceeds dimctly to the Ever from the intestines. Substances as diverse as dnis whether Iegal or 
illegal; anesthetics; herbs, foods, and pollutants can be m&red more toxic after reach@ the liver, due to bioactivation by’ 
the Iiver P450 and related enzyme pathways (see Figure. 41. Ahuostall of these sub&ances are Ever toxins because of their 
conversion into reactive oxidants, which deplete the antioxidants and other Phase 2 conjugation resources. This lldbhmate 
lack of discrimiua . twe activity by the liver underlies most of the notori&s liver toxicity ofpharmaceuticaIs. Excessive intake 
of substances from any xenobiotic category can predispose the liver to damage in msponse to otherw&-reasonabk intakes of 
substances from other categories. A classic example is alcohol intake potentiating the metaboIism of pharmaceuticals. 

Drug Xenobiotics. Both prescription and over the counter pharmaceuticak can become activated to toxic metabolites in the 
liver.4J9TEe most heavily consumed among these’are the pahkilh ac&minop@ aspirin (acetykalicylic a&Q i&uprofa 
carbamazpine, indomethacin, phenylbutazone; the antibiotic tetracycline; the ant&rhythmic drugs amiodarone, perhexiline, 
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and hexestrol; the blood pmssure dmg aipha-methyh the anticlotting medication sulfktpymxone; the barbiturate 
phenobarbi~ the chemotherapy drug methotrexate; the gout drug allopurinok the anti-tubemulosis drug *wmiazid 
(particularly in combination with rifampin); the QJS stimulam amineptiue; the tricyclic anti-t tianeptine, the anti- 
epileptics phenytoin and valproic acid; and the bemodiazepine sedative chlordiaxepoxide. Anesthetics that ate potentially 
toxic to the liver in&de halothaue. Of the illicit drugs, cocaine has hem extensively studied far its toxicity to the liver by 
bioactivation. 

Maqaung and colleagues did a.1988 double-blind trial for which they assembled 101 tuberculous subjectssvho earlier had 
suffered liver damage from rifampin and 2 other anti-tuberculosis pharmaceuticals.20 The PC group received 1350 mg of 
fort&d PC daily, versus placebo for 3 months Both groups showed good clinical improvement, but in the PC group SGOT 
and SGPT were significantly lower when compared with the group that received the placebo. Kunk and collaborators had 
made a similar fmding in 1979, by giving PC via the intravenous route.21 

Long-term intakes of certain of the antiepileptic drugs, especially phenytoin, pose a high risk of liver damage. Hisanaga and 
collaborators (1980) in Japan followed 38 subjects who had received phenytoin and other antiepileptic drugs fat an average 
of five years?2 A subgroup with the highest degree of tige (assessed by SGGT enzyme elevation), after being given PC 
orally for 6 months, experienced iemarkable benefits. 

Other, n&n-Phammceutical Xenobiotics. Ckmicals pmhwd by indusQ currently nnmbet at least sixty-tie thousand 
One of the chemical classes most toxic to the liver is the chlorinated and related halogenated hydmca&ons, of which carbon 
tetrachloride has been extensively rtsearcbedasan~~modet.~~inttrisclassis~~Cieaningsohrent 
trichloroethylene, along with many commonly used herbicides and pesticides. In 1965 Kunk and N eumann-Mangoldt 
documented an antidotal effect from PC against acute oral trichloroethylene poison&~ Also, non-halogenated organic 
solvents, ally1 alcohol, carbon disuWe, ethionine, and thioacetamide all am markedly liver-toxic, by mechanisms similar to’ 
those ilhtstrated in Fig. 4. Numerous case histories have been published that d ocumentthebenefitsofPCinothertypesof 
xenobiotic toxicity. 

Among plants that can be mistaken as foods, the deathcap mus~oom (Amanita phalloides) carries toxins that are some of the 
most lethal agents Imown. Esslingex used PC, at first intmvenously then also orally, to avert death in victims of deathcap 
poison&.*4 In Esslinger’s experience, PC worked against deathcap mushroom toxicity after milk thistle extract had failed to 
show benefit He called PC “a valuable extension to therapy for this grave form of poisoning.” 

Natural planttoxins. In addition to the deathcap mushroom, a&toxin from moldy peanuts is also one’of the most toxic 
natural substances, aud also lkcomes operative via bioactivation Constituents of herbs also can be liver-toxic by ‘bi . oacmatioq the most notorious of these being the pyrrolizidine alkaloids found in comfky and at least 59 o&r plants. Y 
Radiation expome. Klemm and Pabst in 1964 gave PC to 161 subjects who had previously undergone mdiation treabnent.~ 
~adiationscattered~mthehead-ntckanatendedtodamagetheliver,aadpCaffordedpartialbutclinic~-~ 
protection against this occunence. ._ 

Other toxic insults to the liver, such as from high gala- intake or partial hepaw (the surgical removal of lives 
tissue), and a variety of other sources, have proven amenable to improvement by PC in studies conducted with laboratory 
animals. 

Controlled’ Trials with PC in Viral Liver Damage . 

Anumberofvimses candamagetheliver,~prec@atingw&spm4difinamrnatopvbreakdownwhich~fintbei 
complicatedbyovemctivationoftheimImme fVt-t-- 
parenchyma,suchviruses 

complications). once w installedintlieliver 
canbecomechronicandveryhardtodislodge.Live&tuses (heresimplycalledLv)canwteak 

havoc with the liver’s fimctions. Medical weapons for eliminatiug LV &om the liver, ox for ameliorating their progmssive 
damage, have been kited. Controlled cliuical trials have un~vocally established PC as safe and reliable nuWonal 
suppoti for the liver against the damage initiated by LV. 

Mueting and collabo+om in 1972 gave 16 subjects with chronic, aggmssive LY a relatively high intake of PC (2,OSb mg per 
day) for an average 8 months.26 A number of cIinical pftmmcmimprovod,itlc~- of the liver% detoxxmtion 
patharayJthat~~aminoacidsand~~4aad~anthcns~~thatPC~havinga"norasaliziag*effectan 
the liver as a whole. From theit large open study mported in 1973, over the coume of which some subjects received PC far up 
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to 5 years,.Walhxzfer and Hanuschnoted a success rate for chronic, aggressive LV infection of353 percent.7 
+ 

Hi&F Yano and collaborators conducted a double-blind trial in Japan in 1978, using 124 subjects with various LV.2738 
They gave PC (1350 mg per day). to a group of 58 subjects and placebo to 66 subjects, for twelve weeks. The PC group. 
experieucedsiguificant reductions in SGGT and SGPT levels when compared with the placebo group; those with higher 
enzyme values to begin with appeared to benefit the most. A subsequent blinded biopsy assessment after 6 months confinned 
that in the PC subjects, the liver parenchymal tissue had partially recovered from its earlier damage; focal necrosis/cell death 
was lessened in the PC group, and these subjects showed signs of liver regeneration 

In 1981, Kosiua and collaborators conducted a sophisticated trial in Czechoslovakia that compared PC against drugs for the 
management of viral-related liver inflammation. They recruited 80 subjects with pmsumed acute LV infection (viruses 
hepatitis A and hepatitis B), and divided them into four groups of 20 subjects each.29 The first 2 groups were hwn from 

subjects whose bilirubin levels were low (below 250 micromoles per liter) and were judged “moderately serious;” Subjects iu 
Group I were administered fortified PC (1350 mg) aIong with the “standard treatment” that involved diet, rest, vitamins, and 
ghmse; Group II received the standard treatment only. Groups III and IV were judged “serious,” with bilirubin levels above 
250 micromoles per liter. Group III received fortified PC and 580 mg daily of the immunosuppressive drug prednisone (a 
drug option for the suspected immune system overactivation from LV); Group IV received prednisone plus the standard 
treatment- 

PC had a clearly favorable effect in this ttiaL Concernin g the resohtion of viral damage, both Group I subjects (less severe) 
and Group III (more severe) had their liver tests retum to normal markedly faster than the correspondiug groups that did not 
receive PC. Subjects who did not receive PC were more likely to relapse (10% iu the less severe, 25% in the severe), wbik 
no relapses occurred in the PC groups. Upset stomach, jaundice, and liver swelling, as well as the lab tests, alI resolved faster 
in the groups treated with PC. There was a trend towards lower occurrence of the hepatitis B surface antigen (HBsAg) in the 
PC groups as treatment progressed. 

Jenkins and collaborators at King’s College, London did a double-blind trial iu 1982 on 30 subjects with progressiug liver 
damage i?om chronic LV (hepatitis B virus, negative for HBsAg), as ver&d by biopsy.30 They randomly divided tbe 
subjects into two groups of 15 each, kept them on the standard immunosuppressive therapy (pmdnisolone or azathiqnine), 
then gave one group PC (2,300 mg per day) and the other placebo, for 1 year. At the end of this period, the group given PC 
had no clinical changes, while the placebo (control) group had worsened. Biopsies revealed significant improvement of tbe 
liver structure in the PC group, versus no improvement for the controls. More of the PC subjects reported improved we& 
being than did the controls (62% versus 43%). In 3 of the 15 subjects given PC the viral infection was judged to be inactive at 
the end of the trial, while no subjects were judged inactive from the placebo group. Thus in this small controlled trial, PC 
halted and partly reversed chronic LV damage, improved overall well-being, and ‘?umed off” the virus in as many as 20% of 
the subjects. 

In 1985, Visco and co&&orators assembled 60 subjects who were positive for hepatitis B virus (assessed as presence of. 
HBsAg)andwh~hadacuteLV~ver~g~anddivid~tbemintdtwogroulw.~t Witbin lOdays&omtheometof . 
jaundice, on a double-blind basis the subjects were started on either faaified PC (1350 mg) or placebo capsules. Lab teats 
went conducted f+equentIy, and immune eyahuttions and cIinica1 exams were done at 30,90, and 180 days (6 months, end of. 
tlid). 

By the 3Oday mark, the group given PC was siguificantly more improved than the placebo group, with 50% beii negative 
for HBsAg versus 25% for the controls w.05). PC improved the rate of clearance of virus antigen from the blood. The 
imgnme parameters were not signXcantly different, though liver enzyme tests showed trends favoring PC. 

Inl990,~andcollaborataninYug~~usedPCto~e24sabjectswithLV(hepatiiisB~).rrAnthe 
subjectswere chronically infect&they aII hadbeenvirus cat&u for at least 6 months. Seven had viral antigens (IIBcAg) 
whicnindicadedarclativelyhighdegneofactiveinfection.Theothtr17subjectshadM,viral~tig~andhadenb’boctiw~ 
the virus (anti-H+Ag), indicating that they were in a stage of relative viral inactivity, Ail subjects received 900 mg of 
fbrtified PC per day. After 4 months, the fess severely a&zted, antibody-positive subgroup showed statisticaIly @@carit 
improvcmnts in SGOT, SGPT, album&, gamma-globulim, and other biochemical 
study with active virus had statistically sign&ant improvements in immune 

measums.Tbesubgrouptbatbegantba 
measures, suggestive of clinical be&It from 

PC The effects of PC in this small and not well controlled trial werejudged encouraging, and might have been mom 
~cbad~edaily.~~ebtenashighasiaothertrials.(a~ 
was given)- 

l35omgoffortifiedPC$atherthanthe9oomgthat 



. - . 
Controlled Trials with PC Against Severe Liver Damage -.. 

e This category of liver damage is chsracterized by extensive fibrosis, which effectively stifles whole zones of the liver. 
Sometimes aggressive idlammatory change& are also present. This stage can be reached as a cvence of persistent‘ 
alcohol intake, persistent viral infectious, or the unchecked toxic effects of any of the many other agents that can damage the 
liver. Given the severity of the structural and functional damage to the liver at this stage, lesser benefits sre to be expected 
tirn PC supplementation than at earlier stages. Yet still PC proved bene&ial. 

Fassati and collaborators in 1981 in a controlled trial conducted in Prague, Cze&oslov&.ia, studied 61 subjects with 
moderate% severe to severe fimctional breakdown of the liver. 33 The degree of advanced liver damage (extensive fibrosis, 
inflammation, elevated emymes) was asses& by biopsy and by a wide range of blood biochemical tests. Thirty-four (34) 
subjects were given fort&d PC (900 mg per day), and 27 subjects served as controls. The trial ran for 4 months, with each 
patient serving as theii own control for statistical analysis. 

Biochemical re-testing conducted at the end of the trial showed that except for the bilimbin vah& all the other bio&mical 
indicators were significantly improved 0.01). These included the albumin/globulin ratio, albumiq bmms&&in (BSP) 
clearance, SGFT, and SGOT. The number of subjects positive fos HBsAg in t$e blood moved- 8 of 34 to 3 of 34 in the 
PCgroup;thatofthecontrolsmovtdfrom7of27to6ofn.ThetrendapparentinthePCgraupwasnd~~ 
significant due to the small numbers of HBsAg-positive subjects in both groups &om the beghming of the trial. The 
investigators c ortrmentedchatf~pCwastheo~intervcntiantheywereawareof~tseemodtobripgdownviral 
antigen levels, and they urged fixther investigation of this pos&le benem with larger groups of subjects. 

In 199 1, Ilic and Begic-Janev conducted a randoinized, double-blind, placebo-controlled trial.3 They re&ited 50 subjects, 
all positive far HBsAg (hepatitis B virus antigen) who had extmmely severe liver damage as verified by biopsy and 
immunologic testing. The test group was admGs&ed 1350 mg of fort&d PC, and the control group re&ved a placebo. 
Both groups were followed for 1 year, with periodic sampling for lab assessmeots,thenattheendofthel2mtmthstheywere 
biopsied again. 

After 12 months the subjects given PC had experienced considerably greater be&It, as assessed both Fran the m 
biopsy findings and tirn the lab findings (p (0.001). Among the PC.gro-, 20 of 25 were judged good to moderately good, 
versus 6 of 25 being moderately improved in the placebo group. Six of the 25 in the PC group also lost the HBsAg viral 
antigen, versus only 3 of 25 for the placebo group. Such “seroconversion” indicated marked clinical improvement far the& 

As a rule, researchers working with such severely afEcted subjects obtained better results by maintaining the sul&cts.on 
+ined intravenous FC and oral supplementation u@il substantial improvement had begur~ . . 

Other trials with severe liver damage, though not controlled, are worthy of note. Wallnoefcr and wh in their pkmee&g 
~dyadministmdpCbothintravenouslyandaralljlto13Osabjectswithadvanoed,fibroticfiverdamage.~olwx~c~ 
indicators begau Wuming to normal they switched to purely oral admiuistmion at relatively low intakes (450-700 mg), 
whichwascontinuedformonthstoyearsas necessary.pcproducedbeneMsfot17.5%0ftbwe~,~as~ 
normali&enzymelevelsandimprovedtissue&ucture onbiopsy.Usingasimilarstrategy,tkyachievedbenefitfor35.3 
percent of their subjects with chronic viral infection of a kind that was positive for viral antigen and has 811 aggress& 
tendtncyroprogresstozRvereliverdamage.Kxmtzreporttdin1989onlosubjcctsto~heganpc~~at 
2,8001sg~&y~~~w~~~~~~~dry,Pod~~~~f~~~~3~tr 
showed”dramatic,~e-saving” improvement,2had”increasingEyrapidimprovemn n 
change;.and 1 of the 10 subjects had died. 

lmpmmc&2hadw 
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PC BeneGts the Liver Primarily Through Cell Membranes 

The efficacy of PC in protecting the liver against toxic attack can be attribut& to its important role in cell MmbTIMes. The 
membrane systems are among the cdl constituents most vulnerable to toxic attack, and the diverse array of hepatotoxic 
substances operates throqh common pathways: free radical or other oxidative attack that depletes antioxidauts, leading to 
oxidative overload and subsequent peroxidative damage to the cell’s membranes.4 The ultimate consequence is the death of 
the cell. 

The phospholipids of cell membranes are partially unsaturated, and by being packed tightly next to eachother in the 
membrane they are highly vulnerable to oxidative attack f&n fne radicals~and other highly reactive, oxidant toxias. Under 
excessive or sustained attack, the membrane phospholipids become degraded (“peroxidized”), mainly through their fatty acid 
tails. As the phospholipids peroxidize, membrane continuity is interrupted. Holes begin to develop in the cell’s 0~ 
membrane, resulting in loss of control over internal conditic~ns. Enzymes and other larger bio-molecules begin to leak out, 
homeostasis fails, and the death of the cell becomes imminent. 

Viral attack on the liver follows a model similar to chemical attack viral invasion of the parenchymal cells initiates &ease of 
pro-Mlammatory, oxidizing substances. Immune cells arrive in the area and begin releasing more oxidants via their 
“respiratory burst” These activities initiate cascades of peroxidative membrane damage to the liver cell membranes, &d the 
damage spreads to neighboring zones within the tissue. 

PC plays crucial roles in supporting the rnembmebased structure and timctions of the live?s parenchymal cells. When 
orally administered to experimental animals, in quantities usually equivalent to l-3 grams per day for the human, PC had the 
following liver-protective effects: 

1. Leakage of “indicator” enzymes from the liver tissue was lessened 

a 2; Lipid peroxidation fi-om free radical/oxidant insult was lessened 

3. Membrane damage was slowed, membrane integrity was conserved 

4. Cell death, fibrosis, and fatty Siltration of the liver tissue were diminished 

5. Cell synthesis of RNA and protein in&a&, suggesting nzgeneratioxt 

6. Liver metabolism improved 

. PC is highly bioavailable (about 90% of thl administexedamoun tisabsorbcdover24hours),~andPCnprese&afar.moxe 
PI&t meaDs for dietary Choline rCpktion than choline its& Lastly, even as the PC n&c& is efficiently absorkd, it also 
is an excellent emulaifk that erhnces the bioavailabii of nutrients with which it is co-m Antioxidantmltlients 
and especially the flavonoids are likely to be better absorbed in combination with x,47 as m B M, minerals, & 
mlmemus othernutrients. 

tAL.-. ,I------ *I -- - - - .__ ,-.I-- _ 3----ri *.. . I *~ -. . t . . - _ _^ -- 
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Conclusion: : 
l From tbe many contro~kd clinical studies comlucted on thousands of human subjects to date, PC’s c3dbned clinkal‘benefits 

in&de: 

1. Successful improvement of specific indicators of liver damage 

2. Faster functional and structural recovery of the liver tissue 

3. Accelerated restoration of subjects’ overall well-being 

IJJ the trials cited in this review, PC was very well tok&ed at oral intakes that ranged up to 4.6 grams per day, and was found 
to be more effixtive the earlier it was admiu$terd Subjects who are started on PC after their liver is already severely 
damaged rn. more likely to benefit tirn higher oral intakes of PC (up to or exceeding 4.6 grams per day), The most severe . 
cases are likely to thrive with the help of intravenous PC, ad&G&red in combination with a high .&al dose. 

Lie&r and colkague.s’ elegant studies with baboons as a primate model of akoholic liver damage have established that PC 
can stave off steadily-worsening damage from chronic alcohol consumptioq improvement f&n PC is farmon likely ifthe 
subje& alcohol consumption is ceased. The small choline molecule is actually part of the headgroup df the large PC 
mokcuk, but when free choline was added to the baboon diet it proved toxic to the alcohol-damaged lii& 
Phosphatidylcholine is a highly bioavailable form of choline, it is aIso the most bioldgically significant and (fat damaged 
livers, at least) the safest somze of choline. 

PC is undoubtedly a &&ally bqortant nutrient for the liver, both because it is the primary cell membrane building block 
and because the liver is so%ctionally dependent on its estimated 33,ooO square meters of memhranesnrf8ce.Whetherthe 
liver has been damaged by alcohol, by other toxic chemicals, by pharmaceuticals, or by viruses, dietary suppl~tation with 
PC significantly speeds recovery. The clinical studies demonstrate that dietary PC in sufficient amounts revitalizes whole 
zones of cetls in the recovering liver. 

PC has other qualities that finther enbzmce its remarkable usefUk.as a dietary supplement. PC is welldocm&nted as safe 
to take, and seems w compatiile with pharmaceutical regimens and with other nutrients. The PC molecule e&nces the’ 
bioavailability of nutrients with which it is co-a- is highly bioavailable .& repxesents a fat better means for 
dietary choline repletion than choline itself. 

‘Ihe jury is still out on whether PC is t&y a “magic bullet” for akoholic liver disease, but its benefits against vario& 
severities of liver damage and its proven safety indicate that fa the liver it is a nutrient of major we. 

. . . . 
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I God: 
The goal of this module is to introduce the teader t6 the carotenoid astaxanthin and examine its antickidant actions 
especially as it relates to potential therapeutic approaches in addressing cardiovascular disease, neurodegenerative 
disease, cancer, immune function status and visual health. 

objectives: 
Folkwing successful completion of this module, the participant will be able to: 

l describe the unique antioxidant features of the carotenoid astaxan~ 
l list the sources in nature and the fu%tions of astaxanthin in animals that produce and consume astaxanthin; 
l explain findings of recent research that describe the effects of astaxanthin in cardiovascular disease, neurw 

degenerative disease, visual health, cancer and immune system fbnction; 
l describe the pharmacokinetics of astaxanthh and l&t its potential side effects. 

0 vgen and Antioxidants 
As aerobic organisms we depend com- 

pletely on molecular oxygen for our exis- 
tence; just a few minutes without oxygen 
usually results in irreversible damage or 
death Our friendly atmosphere usually 
provides ample oxygen via the air we 
breathe, and even a relatively small 
decrease fn the air’s oxygen content has 
noticeable e&c&. For instamx. when 
traveling from sea level to high aititudes 
where the oxygen content is slightly 
lower, most indtviduals will find tasks 
requiring even minimal exertion much 
moredifficuk Evenhighiytrainedath 
leteswillflndperformanceintheirevents 
a greater challenge at high ahitudes. 

Although oxygen is absolutely clitkal 
for life, thfs molecule also has a dark side 

.toitsactions. Oxygenisfoundinalarge 
mm&es of harmful by-produc6 that are 
constantly befng producd and defended 
against by healthy organisms. These so- 
called reactive-oxygen species (ROS) 

* 
ntain reduced oxygen molecules fnclud- 
~ free radicals such as the superoxide, 

hydroxyl and peroxyf radfcals and non- 
radicals such as ozone, lipid peroxides, 

hydrogen peroxide, and singlet oxygen1 
Additionally. a number of nitrogen com- 
pounds containing oxygen, such as n&k 
oxide and peroxynitrite, also are extreme- 
ly harmfid. h4any of these compounds are 
scJhighlyenerget.icthattheylt?actalmost 
instantly with many neighboring mole- 
cules such as pmteins, DNA, RNA, car- 
bohydrates and lipkis. The consequence 
of such oxidative attack may include pro- 
tein oxidation. DNA and RNA damage, 
and lipid peroxidauon. Even small alter- 
atfonstommeofthesebasicmoleculesof 
lifewouldbeexpectedtohavedirecrmse- 
quences. 

Thkconstantattackagafnsttln2body, 
known aJ OYddative stress, is condnll~ly 
countered by mechanisms design& to 
neutmlbesuchdamageandprwentdfs- 
easesthatmfghtbe arsodatedwithsuch 
insult (Xble 1). While certain repair 
enzymes can sometimesreverse thedam- 
agepmducedbytheROS,theabflityof 
ant.ioxidants to neutralize the ROS prior 
to inducing damage is an extremely 
important defense. mechanism that helps 
tosupportahealthyexistenceandmost 
likeiy prevents dbease.U Durfng the last 

-2- 

decade there has been a tremendous 
amount of interest in the roles ROS and 
oxidative stress might play in the develop-. 
ment and progression of a number of 
neurodegenerative diseakes includfng 
Al&d% amyotmphic lateral sclerosfs 
(Lou khig’s) and Parkinson’s dbeases, as 
well as macular degeneration. Many 
other diseasa such as atherosclerosis, 
cataract% calxer, - dlsclr- 

ders, multiple sclerosfs, bacterial and vkal 
rqenhgltis. and epilepsy have aLso been 
suggested to involve anundarlyingwd~ 
tiveinsultrTherateatwhichmanyof 
the processes of aging occur have 
atso been attributed by sortus to reactions 
involving oxidative stress. Because anti- 
cnddantsarecapableofscavenginghandd 
ROS and reducing overall oxidative 
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stress, it is not surprising that there has 
been much interest in investigating the 
use of such compounds to slow the prO- 
gression of, and in some cases even pre- 
vent, a wide array of d&eases. 

Car tenoids and Astaxanthin 
of the anuoxklants invesugated for 

their potential health benefits, the 

a 
otenoids have received the most atten- 

,.m. These lipid-soluble pigments from 
plants, algae and some bact&al species, 
comprise well over 700 compomd that 
a~tforthebeautifulred,wangeand 
yellow colors observed in many of these 
lowerspedes. Whilemosthtgheranimals 
are unable to endogenously synthesize 
these carotenoids. they do aazumulate 
themviaingestedfoods Inmanyaquatic 
and land species the m coloration 
ObserveddtSfromthe-OfSUCh 

carotenoidr Resides their obvious func- 
tion of providing pigmentatkm for many 
speciesthecarotenoidsalsoserveamulti- 
tudeofirnpoemt~calfunctlorusuch 
astheirabilitytoabsorbligh&quenchsfn- 
glet oxygen, be oxidised and isomer&, 
bind to hydrophobic surf&es. and solubi- 
~izeinorganicmedhs However, notaR 
czamtemids’areequalandthedifference 
in-ofthe-lenoids 

+ethoughttoresultfnmltheuniqueness 
0ftheirchemlcalstNlWms 

While the most notable carotenoid is 

a 
o, vitamin A pmcursor, btene, 
~ca&tenoidthathasmceivedmuch 

attention lately is astacanthin (3,3’-dihy- 
droxy-p-p-carotene-4,4’-dione). 

Chemically, astax- 
anthin is classified 
as a xanthophyll. 
which is a family 
of carotenoids with 
spedfc substitutions 
on the benzoid rings. 
whilethefeafethree 
possible isomers of 
astaxanthin. only 
one exists naturally 
(the S.s’ configtua- 
tion). Lower organ 
isms synthesize 
astaxanthin begin- 
ning with acetyl 
CoA and pmceed- 
ing through a num- 
ber of important 

intermediates including phytoene. 
lycopene, f&carotene and canthaxanthin. 
Both astaxanthin and canthaxanthin are 
examples of conjugated keto-camtenoids. 
andbotharefurtherclassifIedasxantho- 
phylls. While @carotene is a vitamin A 
precumx astaxanthin cannot be convert- 
edtothi!5vitaminandthuscannotsupport 
re~l-spedficpmcesW. 

Astaxanthin provides the rich pink 
color observed in various aquatic species 
including the salmonids. (e.g.,. salmon) 
and crustaceans (e.g., crabs, lobster, 
shrimp), and even some nonaquatic 
species such as the flamingo (whose diet 
includes some astaxanthin-producing 
organisms). The carotenoids found in 
phytophlrton, Qgae and plane mmaUy 
participate in those orga&ms’ photosyn- 
theticprocessesbyactingassecondary 
light-absorbing molecules Salmonids and 
flamingo8 don? rictdly produce astaxan- 
thinbutinsteadobtainitfromotherani- 
mals they consume. The richest source of 
astaxanthin by far is the algae 
H-phzvlaih which is used com- 
me&ally as a feed additive to provide 
color to ‘farm-raised” sahnon and other 
fish (Table 2). 

The astaxanthin that is contained in 
living lobsters is complexed with proteins 
called carotenoproteins that actually 
impartsabluish-browncolortotheseani- 
mak However, when the camtenopro- 
teinsaredena~asoccursduringthe 
high temperatures.associated with cook- 
ing,theastaxanthinisliberatedandthe 
bright red ooloration resultss Besides p 
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viding the coloration to such fish. and 
thus enhancing their economic value 
(e.g.. few people would find ;Hhite salmon 
attractive), some recent studies have indi- 
cated a -vitamin-like” role for astaxanthin 
in these fish. 

Experimena the potency or capacity 
of an antioxidant to chemically neutmlize 
or scavenge harmful oxygen- or nftrogen- 
reactive compounds .can be detelnlined 
routinely in the laboratory. One such 
assay measures the production of ROS- 
induced lipid peroxides in test tubes in 
the absence and in the presence of various 
concentrations of a suspected antioxidant. 
~suchinvitmassays,astaxanthinhas 
been shown to be typically at least 10 
times mom potent than the other stan- 
dard carotenoids such as canthaxanthin 
&carotene. lutein. lycopene. tur~axan-~ 
thin and zeaxanthin.7* When compared 
with a-tocopherol (vitamin E). astaxan- 
thin’s potency as an antioxidant ranges 
from approximately 80 times to as much 
a8 550 times greater.B.lo Additionally, 
when tested against a wide array of ROS 
and nitrogen-reactive species, astaxan- 
thinappearstobethemosteffectivein 
scavenging this wide variety of harmful 
produds.Astaxanthinisthoughttobe 
able to span the lipid/protein bilayer of 

biological membranes, w a power- 
fid antioxIdant effect Astaxmthinf com- 
bination of superior potency and versatil- 
ity yield the ideal antioxidant. Therefore. 
it is not surprising to find that this 
carotenoid has been studied for its e 
tialutilityinanumberofdiseasestatesin 
humanBanddbeasemodelsina7lhn2k 

Anti-cancer Activity 
and Astaxanthin 

The anti-cancer activiq ofcamtenoids 
and related compounds has been the focus 
of much attention since epidemiological 
reports of an assodation between low 



Table 2 

I Source 

sahon 

Sockeye 

cllinek 
Atlantic 

Red Seabream 
Rainbow TIW 

Krill 

Krill Oil 
CrayfishMeal 
Yeast(Pfaffla r.) 

Haematococus pluvialis 

2637 
9-21 
3-9 
a9 
3-11 
2-14 
l-13 
46-130 
727 
137 
30-600 
1o,oOwo,oOo 

canthaxanthln and 
fl-carotene failed to 
alter lipid peroxidation 
activity in the tumors. 
astaxanthin was highly 
effective in this regard. 
Similar protective ef- 
fects of * astaxanthin 
were found in a mouse 
model of urinary blad- 
der carcinogenesis.*s 
Astaxanthin has also 
been reported to be 
effective against a num- 
ber of other carcino- 
genic stimuli including 
allatoxin. chloroform, 
viruses. and 4-n&o- 
quinoline- 1 -oxide.rs.r4 
A recent proposed 
mechanism for astaxan- 
thinininfluencingthe 
Pathways associated 

with cancer involves the ability of this 
carotenoid to enhance membrane stabi- 
Iiration and promote the synthesis of the 
gene for the gap-junction protein, con- 
nexin-43. Alterations in this protein 
would be expected to beneficially inilu- 
ence cell-to-cell comm:unication and 
increase the likelihood of the mainte- 
nance of cellular homeosmsis and thus 
normal function. 

levels of certain carotenoids and various 
types of cancers. Some of the cancers 
studied with mspect to the carotenoid 

ssociation include lung, esophageal, 

0 
math. colon. rectal, prostate, breast+ 

cervical, ovarim~ endomelrial, bladder 
and skin. For instance, while men with 
the lowest plasma f&carotene levels had 
an increased risk of prostate cancer, when 
supplemented with carotenoids (especial- 
ly lycopene) their risk decreased by 36%. 
Carotenoids may be of benefit in the pre- 
vention or the amelioration ofcancersvia 
their ability to scavenge ROS. inhibit the 
growth of certain tumm. inhibit malig- 
nant transformation, enhance immune 
iunction. and upregulate certain genes 
(e.g., connexin 43). Astaxanm with its 
potent antioxidant activity and its benefi- 
cial immune actions might be predicted 
tobeespedally~inanurnberofani- 
malmodelsofcan~ 

The anti-cancer activities of &axan- 
thin, canthaxanthin and @zarotene 
againstthegrowthofmammaryt.umorsin 
yotmg mice were determinedu For three 
weeks animals were fed either 0.0.1. or 
0.4 percemt in the diet of the individual 
carotenoid prior to inoculation with a 

a 
-edamoimtoftumorcells.Astaxanthin 

Jse-dependently inhibited growth of 
thetumorcells,andwasthemosteffeo 
tive of the variou3 carotenoids tested. 

Additionally, while 

Cardiovascular Health 

Withinthelastdecadetherehavebeen 
many reports in the literature that docu- 
ment a beneficial effect of various 
carotenoids in the canii- sy3tem. 
Much attention has been centered on the 
influenceofthe3e &&ancesonthelevels 
of cholesterol as contained ill the form of 
various lipoproteim Most studies have 
documented a positive correlation 
between levels of the atherogenic low- 
density lipoproteins &DL) and thepreva- 
lence of diseases of the cardiovascular sy+ 
t= (e-g.. lw=@nfhn. arrgina pectork. 
myocardial inf&tion). In con- it is 
generallymcogmmdthataninversecor- 
relation exists between high-density 
lipoproteins (HDL) and the incidence of 
cardiovascular health. A beneficial 
lipoprotein profile i3 one chanscteri3ed by 
low levels of the cholesterol-rich LDL 

(‘bad-chole&rol”) with high levels of 
HDL (-good-cholesterol-j. 

While there have been many studies in 
humans and in animals with the more 
common carotenoids and other antloxi- 
dants, few studies have been performed 
with astaxanthin. One study reported a 
significant increase in HDL levels when 
rats were treated with astaxan~inthl?! 

diet.? In this same study. amon 
of another carotenoid. ~tene. was 
without effect on.HDL. This study pm- 
vides evidence of yet another difference 
in the activities of individual carotenoids. . 
Obviously there is a need for well 
designed (e.g., double-blind. rarxlomised) 
ciinical studies in humans to determine if 
a similar beneficial effect on lipoprotein 
profiles will be realised. 

Immune Function 
and Astaxanthin 

Many studies have demonstrated the 
ability of astaxanthin to enhance antt- 
body responses and augment humoral 
irnmunefunctions Inarecentstudy 
using mice treated with H. pyIori, asmxan- 
thin was found to significantly reduce 
bacterw load and gastric inflammation, 
while also being able to modulate 
cytokine release in splenocytes harvested 
from these treated animals.~In~ 
iIlthiSStUd)f asmtanthinwasfolmdto 
shift the ohsewed T+nphocytereqiome 
from a predominantly ‘I-helper1 (‘III-l) 
cell response dominated by intdm 
(INGf).toamixedTH-l/III-Zmsponse 
with invdvement of both INF7 and 
interleukin-4 (E-4); In this parti& 
animal model, INF7 is most likely 
involved with mediating the ga3tric dam- 
age and irritation obmrved in the gas- 
trointestinal tract. On the other hand, 
theXL-4i3thoughttobeinvolvedwlth 
therepairofthegastricmucosa. Thiswas 
the first demonstrationin the litemtureof 
acompoundcausingashiftfromtheusual 



Tabk3 
abundance of cytokines that normally 
mediate the damage associated with infec- 

a 
n to one characterimd by a greater 
rount of protective cytokines. Further 

studies comparing the utility of astaxan- 
thin and B-carotene to enhance antibody 
responses in splenocytes in a T-cell depen- 
dent fashion, demonstrate that the former 
is effective while the latter is ineffective-n 

Astaxanthin has been tested in a pre- 
liminary human study utilizing H.p)rlor- 
positive patients. When administered 
five times per day for three weeks 
(8 mg do=), astaxanthin significantly 
decmased gastritis in all subjects. even 
though they remained positive for H. 
pykd Although there is just one pr&mi- 
nary human study reported thus far, based 
on the multitude of animal shldies report- 
ed in the literature there has been much 
excitement regarding the potential utility 
of this versatile and potent carotenoid in 
the overall therapy of H. pyitxi infection 
in hlmlans. 

Visual Health 

0 
The carotenoids play an essential role 

-he physiological fimction and overall 
uealth of the eye in those animals that 
have vision. Most of the information 
regadng the role of carotenoids in the 
visualsystemhasf~on~tene 
and its metabolic by-product vitamin A. 

However, more information has recently 
appeamdthatdocumer&theimportance 
of the antioxidant role of a number of 
carotenoid and noncarotenoid com- 
pou&intheeye.Inorderforapmticular 
antioxidant to function in the eye, that 
compoundmusttraverm the blood-retinal 
barrier. The blood-retinal batrier is simi- 
lar in its iunction and stru&um to the 
blood-brain barrier, about which we know 

q 

ch.mom.Thisspedah&shuchue. 
eh helps to prevent the unhindered 
sage of compounds in& the central 

-systemfrom~periphery,regu- 
lates which compounds will pas+ Of 

l Extremely potent antioxidant 

l VeryvefsatileatscavengingmiousROS . 

l Uniquehmme modulatory 

~Effectiveagainstamnberofcancerpmmters 

l Enhancesgapjunctions&cell-tion 

l Cardiiective / lipopmtein - bedii*bl 

l .Easiiyentersthecemalnenmussystem 

l INects against photic-incluced injuy 

l No toxicity repmted to date 

the carotenoids examined, 
astaxanthinappearstoeasily 
penetrate the central ner- 
vous system, a characterist.lc 
not typically seen with all 
catotenoids’ or antioxidants 
Since the molecular weight 
of astaxanthin is under 600 
daltons, and the molecule is 
very lipophilic. one would 
expect this compound to 
pass the blood-brain barrier 
with relative ease. Thus. for 
any antioxidant to produce a 
beneficial effect on visual 
health it is imperative that 
that compound be able to 
enter the central compart- 
ment ofinte.rest. 

The eye is a complex 
structure that has been 
extensively studied from a 
chemicalaswellasaphysicalperspective, 
Oneofthemostimportantstructuresthat‘ 
comesincontactwithphoticstimuliisthe 
retina. Within the retin* in its most cen- 
tral portion, resides the macula, a dense 
accumulation of photoreceptor cells (e.g., 
rods and cones). which function to con- 
vert incoming light into nerve impulses 
oursharpestvision occurs:at the.very cen- 
terofthemaculainanareaknownasthe 
fovea. Thisiswherethehighestconcen- 
tration of phow cellsarelocated. 
In addition to their role in participating in 
thevisualprocessbyabsorbinglightto 
prodme images, the ca7otenoids also func-. 
uontopfotectthereunafromdamage. 
-!inawrinsllghtmaYcontafnMghly 
ener@cp~fiomblueandpurple 
ligh~whichCanproducehighlevels’of 
harmiUROSandca~damagetothe 
P~tor=+or~if~adequatelypro- 
tected.Theexpwuretosuchenesgeuc 
photons can cause lipid pero&lation due 
t.Othehigh-Ofp~tU- 
ratedfattyacidsint.hemacubisphotare- 
C&thmembranes,iI laddiU~tOOother 

Photo-axiaative damage. armal& the 
useofsunglassescanhelptopreventsome 
of this harmful -and- 

h some avian species (e.g.. shore birds 
likethekh@sher)thereisaveryhigh 
densityofastaxanthinfoundinthefovea, 
while in athers (e.g. land-based birds) 
t.heappearstobevqIlttle.iiany. This 
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unique distribution of astaxanthin in the 
foveal cone oil droplets of such shore birds 
is belle& to serve two functioti 1) to 
enhance their airmater interface visual 
acui~and2)toprotecttheretina&om 
thehannfuleffectsofglareoffthewater 
These birds have been studied extensively 
and support the potential utility of antiox- 
idants that do enter the eye as visual pro- 
tecuve agents.~ 

In preliminary animal experiments the 
protective effects of astaxanthininpre- 
ventingdamagetothevisualsystemhas 
bem reported. Follc&ng intraperitoneal 
administration of vehicle or astaxanthin 
(37.5 m&g), rats were exqi+sed to 200 
foot-candles of green-filtered m 
lightat490-58onmfor24hours. The 
t.hicknessoftheouternuclearlayefofthe 
retinawasthendeterminedasadecmase 
inthethicknessof~layeris~’ 
with photic injury. While rats treated 
withvehiclehadsignificantdamagetDthe 
retinaasevi&ncedbyanappnxbmte35 
percent decrease intlw?thicknessofthe 
outer nuclear layer, those treated with 
astaxanthinhadonlya6per&tidecrease 
iIJthickneAno~study demolMIat- 
edtheabilwyofastm3nthinto~ 
the depletion of rhodopsin levels in the 
retina following a similar photic insult 

Some diseases of the eye, especially 
involving the retina, may ipvolve degen- 
eration due to exposumtoharmfulphotic 
stduli. Whilegeneticfactors probably 



play a signffi&mt role. in a number of 
these disorders, the role of oxidative stress 

l uxptibility if now. thought to be an 
.derlying mechanism in the damage 

observed. In humans macular degenera- 
tion is a general term used when describ- 
ing a number of diseases of the retina. 
The most prevalent type is the ‘dry” type, 
which is characterized by the formation of 
small yellow deposits under the macula 
known as drusen.These drusen are even- 
tually associated with a thinning and dry- 
ing out of the macula. and a subsequent 
impairment of visual acuity. 

In one human study there was reported 
to be an inverse relationship between the 
production of certain size drusen and the 
intake of provitamin A and dietary vita- 
min E.rs Because this study determined 
intake of these vitamins by using food &a- 
quency questionaims. some of the find- 
ings were not robust enough to make 
clear recommendations regard@ the role 

of these particular antioxidants and visu- 
al health. For instance, this study failed 
to demonstrate a significant relation 
between intake of these antioxidants and 
the progression ofmaculopathy, probably 
also due to the small number of patients 
in this study who developed the late 
stages of maculopathy. In another study 
involving a review of the epidemiological 
literature on the association of nut+ion- 
al antioxidants (vitamin~C. vitamin E 
camenoids) and the pqression of mac- 
ulopathy, the authors concluded that such 
antioxidants are likely to delay the onset 
of age-related vision impairnients.rs 
Much interest was expressed mgarding 
the potenthl protective effects to be 
affodxi by supplementation with the 
xanthophyk However, not ah xantho- 
phylls might be appropriate for these 
types of studies, since a previous report 

a 
*s indicated the ability of canthaxan- 
JI to concentrate in the eye and cause 

lens opacities. No such reports have 
appeared for astaxanthin. and important- 

ly, the body does not appear to be able to 
convert canthaxanthin to astaxanthin. It 
is clear that there is a need for more care- 
fully controlled, double-blind. large stud- 
ies in the future to conclusively deter- 
mine the effectiveness of astaxanthin and 
other antioxidants in promoting visual 
health. 

Toxicity and 
Phar macokinetics of 
A!staxanthin 

To date there have been no reports of 
serious adverse effects associated with the 
administration of astaxanthin to animals. 
Attempts have been made to determine 
the lethal dose -50 but fail to Bnd a dose 
that will adversely affect the animals. 
Even when the upper limit of 8 grams of 
astaxanthin per kilogram of animal body 
weight are administered for 10 days, no 
toxicity has been noted. There is a good 
likelihood that similar findings will be 
observed in humans. The doses of 
astaxanthin that have been suggested are 
on the order of 2-4 mg per day. 

A recent report regardiq the absorp- 
tion and distribution of astaxanthin 
demonstrated that following oral admin- 
istration of 100 mg to human vohmteers. 
peak astaxanthin levels in plasma (1.24 
m&occulTedatsIxhours.Inthisshldy, 
mcetofthe astaxanthin was associated 
with the very low density Bpoprotein. 
with some also associated with the HDL 
andLDLfractions. Whilethiswasan 
acutestu~itwiubeimportanttostudy 
the distribution and metabolism of astax- 
anthin in chronic administration studies 
because this will more closely mimic the 
situation associated with the usual use of 
astaxahthhl. 

S-Y 
while notwell known by many health- 

care providers at the present time, 
astaxanthin is a potent xanthophyll 
antioxidant that may have sevelal advan- 
m3= over Other b&W-kllOWll 

camtenoi& in a wide variety of disease 
states including neurod~eratIve dis- 
eases, cancer, Immune disodem. cardio- 
vascular disease and visual health (Able 
3). Theabilityof astaxanthin to scav- 
engeawidevarietyoffreeradicalsand 
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other ROS. and its potency compamd to 
other traditional, better-known antioxi- 
dants. makes it an attractive choice for 
future studies. Additionally, because 
astaxanthin appears to enter the central 
nervous system better than many other 
antioxidants. its utility in many central 
disorders should hold significant promise 
To date there has been no toxic@ report- 
ed with this potent antioxidant 
carotenoid. 
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-:selectyWr- andcheckonebest answerforeachofthetestqmstiom. whenyoohaveansweredaUc&theque+ 
t.hq please print or type all requested infmatkm and mail your completed test. along with pmcesing fee, to the approprMe 
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l.ThehigheSt tzommeationofastax- 
anthhbasedonweightkf6undinI 

nahmingomeat. 
n bmmceanssuchaslobst~ 
n C. the algae Haematoamapf~. 
n dsockeye salmon. 

2. Reactive oxygen species (ROS): 
n a&reactwithlipidsbutnot 
DNA and RNA. 
n b.areonlypmducedunder 
allaedk’conditi~ 
n careslowtoream 
n d.in&de hydr6gen peroxide and 
hydroxyl radicals. 

3. Ast8x8nM 
n a.is class&d as a carotemid; 
n b.fs clasified as a xanthopk@l. 
n chs mwddant propews. 
n dalloftheabovearecomct. 

4. Astaxanthin: 
n acanbesyntheskedby 

a 
n b.isusedtopwldecolorto 
farm-raised salmon. 
n cis a very water sbluble 

n dcanbe amvertdtovitaminA. 

5. Which of the following has the 
greatest antioxidant capacity when test - 
ed in vjtn~ in a lipid peroxidation assay? 

n a. tocopherol (vitamin E.) 
n li$-carotene. 
n ~lycopene. 
n d.astaxanthin. 

6.lZxceshoxidativestresshasbeen 
~~7tobeLLnkedtowhichofthe 

n a.aging 
n b.cancer 
n cmaculardegenmtion 
n d.aIloftheaboveareamect 

7.Astaxanthinmtmenthasbeen 
demo&mtedtodowhichofthefol- 
lowing? 

n a.incresethebacterMloadin 
animak inocdated with H. pyJori 
n b.decreaseHDLUpopmt&levek 
n ~.imt3iseLDLlip0pr0~lweb 
n d.noneofthe.abovearecorrect 

8. Carotenoids : 
n a.maybeusefulindecrearfirB 
theincidenceofpmstatecancers. 
n b.all UDSS the blood-bmin 
baniem@lywell. 
n c.areallcanvertedt~vitaminA. 
n d.areaUequallysafeforhuman 
consumptl~ 

9.Thelxsponmhtheinrmune 
systemtoashx24nthintreatmentmay 
ilXlUdt?: 

n aashiRingfromTH-lmsjmses 
(which are gstlic lnltation pro 
mating) to TH-2 (which are gastric 
&- 
n b.in& gist& Mammation. 
n c.athinningoftheoutermxlear 
layer 
n dslloftheabove 

10. Astaxanthin has been-demons@& - 
edtoposseswhichofthefollowing 
activitier? 

n a.anticar&ogenic 
n b.pm!cttw agetnrt photic injq. 
n c.cardjopfotective. 
n d.aIloftheabovearecomect 

‘For retaihm: 
nS4feeencled.* 
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l.Thehighest ccmcen~tion ofastax- 5. Which of the following has the 
anthinbasedonweightisfoundin: greatest antioxidant capacity when test - 

n a.flamingo meat. ed in vitro in a lipid peroxidation assay? 
n bxrustaceans such as lobs&x n a. tocopherol (vitamin E.) 
n c. the dgae Hataxxus phhJk. n b.karotene. 
n dsockeye salmon. n c. lycopene. 

n d.astaxmthin. 
2. Reactive oxygen species @OS): 

n aonly~reacttithlipidsbutnot 
DNA and RNA. 
n b. are only produced under 
i3xwmbic’conditions. 
n c.areslowtoreact 
n d.hclude hydn5gen peroxide and 
hydroxyl radicak. 

6. Excessive oxidative stress has been 
suggestedtobelinkedtowhichofthe 
following? 

n a-aging 
n b.cancer 
n c. macular degeneration 
n d.aU of the above are correct 

3. Astaxanw 
n a& classified as a carotenoid. 
n b.is chsified as a xanthophyll. 
n chas antioxidant pfofxrtks. 
n d.all of the above are correct. 

7. Astaxanthin treatment has been 
demonstrated to do which of the fol- 
lowsng? 

n a increase the bacterial load in 

4. Astaxanthirx 
n axanbesynthesizedby 

animals inoculated with H. pyf& 
n b.decmaseHDLlipoproteinlevels 
n c. hcrease LDL lipoprotein levels 
n d-none of the,above are correct 

n b.is used to provide color to 
farm-raised salmon. 
n c.is a vexy water sbluble 
- 
n dcanbeamvWed tovitamink 

8. Carotenoids : 
n a.may be useful in decrea&g 
the incidence of prostate cancm . 
n b.aU cross the blood-brain 
barrier equauywell. 
n c.areallconveatedtovitaminA. 
n d.areallequaLlysafeforhuman 
consumption. 

9.Themponsesinthehnmune 
system to astaxanthin treatment may 
Include: 

n a.a shifting from TH-1 rqonses 
(which are gastric irrkation pro 
mating) to TH-2 (which are gastric 
repairing). 
n b.increased gastric Mammation. 
n c.a thinning of the outer nuclear 
layer 
n d.all of the above 

lo. htaxanthin has been demonshat - 
ed to posses which of the followillg 
activities? 

n a.anticarcinogenic 
n b.protedive agahat photic injury. 
n cxardiopfotective. 
n d.aUoftheabovearecorrect 
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National Institute of Child Health and Human Development 

Workshop on the Essentiality of and Dietary Reference Intakes (DRIs) for Omega-6 and 
-- Omega-3 F&ty Acids, The Cloisters, National Institutes of Health, Bethesda, MD, USA 

April 7:9,1999 

Background 

Following the 3rd Congress of the International Society for the Study of Fatty Acids and Lipids 
(ISSFAL) in Lyon, France, June l-5,1998, the ISSFAL Board of Directors agreed to convene a 
workshop on the essentiality of and DRJs for omega-6 and omega-3 fatty acids. An international 
group of experts will present reviews and new data in a round table format with ample time left for 
discussion. The participants will include speakers and discussants from the National Institutes of 
Health, other government agencies, academia, industry, non-profit organizations, the World Health 
Organization, the Food and Agriculture Organization, and the Food and Nutrition Board. 

Venue 

The Workshop will be held in the Mary Woodard Lasker Center for Health Research & Education 
(The Cloisters, Building 60) at the National Jnstitutes of Health in Bethesda, Maryland, USA. 

a Conference Secretariat 

The Center for Genetics, Nutrition and Health, 2001 S Street, NW, Suite 530, Washington, D.C. 
20009 USA, phone: (202) 462-5062, fax: (202) 462-5241, e-mail: cgnh@bellatlantic.net. 

Hotel A&ommodations 

We have selected The Bethesda Ramada in Bethesda, Maryland, as our hotel [8400 Wisconsin 
Avenue, phone: (301) 654lOOO], since it is within walking distance of the National Institutes of 
Health (NM). Parking on the campus of the NJH is very limited. The Medical Center Metro stop 
(Red Line) is on theNJH campus. 

Conference &chairs 

Artemis P. Simopoulos, M.D..(USA) 

Norman Salem, Jr., Ph.D. (USA) 

Alexander Leaf, M.D. (USA) 

sponsors~ 

l National Institute on Alcohol Abuse and Alcoholism-NM 

Office of DietarySupplements&JIEL 

00-11-16 ’ 
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The Center for Genetics; Nutrition and Health a . - International Society for the Study of Fatty Acids and Lipids 

National Institute of Child Health and Human Development 

BASF Corp.,USA 

BASF Health & Nutrition A/S 

Bestfbods . 

-ENREco 

F. HofGnaxm-La Roche, Ltd. 

Groupe Danone 

K&t Foods, Inc. 

a Martek Biosciences Corporation 

Mead Johnson Nutritionals 

Ocean Nutrition Canada, Ltd. 

OmegaTech, Inc. 

Pronova Biocare 

Roche Vitamins, Inc. 

Workshop on tiie Essentiality of an& Dietary Reference Intakes (I%&) fgr Omega-6 
and-Omega-3 Fatty Acids 

Nationai Institutes of Health, The Cloisters 

April 7-9,1999 

0 
WEDNESDAY, APRIL 7,1999 

Wekomirzz Remark - Enoch Gordis, M.D., NIAAA-NIH 
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why is this so? Iftheirdietary absence was associated with more obvious clinical symptoms, there is 
no doubt there might have been an omega 3 champion. The rather subtle effects of the dietary absence 
(or low intakes) makes it. hard to sell to the general public. For example, we know that effects of 
deficiency on the ekctroretinogmm @RG) amount to a loss of a- and b-wave amplitudes of say 30% 
with perhaps other more substantial losses in sub-components, however we cannot yet say what this 
might mean in terms of “vision” which is what the public relate to. Perhaps, we too often ignore the 
fact that in the EFA field there are substitute fatty acids which prevent complete absences of say 22 
carbon PUFA in the retina (e.g. 225n-6 or 22:3n-9 substitute for.22:6n-3 in omega 3 and EFA 
deficiency, respectively). This argues for the importance of these types of PUFA in this tissue, 
however necessarily the availability of such substitutes reduces the physiological impact of a dietary 
deficiency. Perhaps, we should be looking for a tissue where it is possible to alter the DHA content 
without the substitute PUFA being present. Such a tissue is the guinea pig heart - with an ALA rich 
diet the level of DHA is less than 1% of the phospholipid fatty acids and it is only on the inclusion of 
DHA that the heart DHA level rises. Given the sound data showing the crucial role of omega 3 PIJFA 
and DHA, in particular, on cardiac function in otherspecies/situations, surely this tissue in this 
species might be a useful research tool. . 

In the early years, linoleic acid had a prominent role as an anti-cholesterol fatty acid, however since 
the 1970& the omega 3 PUFA have made a comeback in heart disease, vision and other diverse areas 
such as arthritis, bone development and neurological disorders. Where we currently stand is that we 
have much data on diet and the effect on tissue fatty acids, but relatively few data on exact intakes 
titrated against physiological function. This is especially true in the omega 3 and ele&oretinography 
field which was the first area where omega 3 PUFA (ALA!) Were shown to have a specific 
physiological role. Furthermore, much of our research could be criticized because there amfew 
studies where pure A has been used. It is surely no longer adequate to compare oil A (poor in 
ALA) with oil B (containing ALA) because of our ever increasing understanding of the potential 
actions of the many compounds found in the unsaponifiable fraction of 

naturally-occurring oils. This highlights the need for pure AU for research purposes. 

Finally, we might be responsible for diluting the message of essentiality for the omega 3 PUFA 
because of the many &gumentsl in house and in the public arena regarding the nutritional 
importance of ALA versusthe long chain PUFA (EPA and DHA). I think it is instructive to recall 
that the research data show that ERG function is optimal in all animal models with dietary ALA and 
not dietary DIIA and that the de Lorgeril and Singh data on secondary prevention indicate a role for 
ALAinthecardiacarea. 

An Evolutionary View of Dietary Recommendations 

S. Boyd Eaton, M.D. 

Emory University.. Atlanta, Georgia, USA 

Traditional Research - satisfactory for preventing classical deficiency 

a. 
syndromes; less so for reducing chronic degenerative disease risk: 

1. Clinical trials - generally focus on diagnosis or treatment, not prevention. 

00-l 1-16 
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a .2. Mechanistic studies - limitless possible study subjecti, limited funding; 

facilities, and investigators. 
; 

3. Epidemiology - conflicting results emphasized by media leading to public 

confusion and skepticism. Examples: 

a. vitamin E, p carotene and lung cancer 

b. fat and coronary heart disease 

c. fiber and colon cancer 

d. salt and overall mortality 

e. calcium and osteoporosis 

f. fat and breast cancer 

Needed: Additional Approach - to focus future efforts, reconcile past investigative discrepancies, and 
provide solid theoretical basis for entire field. Viewing nutrition from the perspective of human 

0 
evolutionary experience might achieve these ends. 

Evolution and Nutrition 

1. Basic Premise - current humans are genetic Stone Agers; cultural change 

since agriculture has exceeded capacity of genetic evolution to keep pace.. 

2. Essential goal - determine character of human nutrition during Stone Age experience. 

3. Investigative approaches: 

a. analysis of recent forager subsistence patterns 

b. analysis of human skeletal remains - gross anatomy and radioisotopic 

c. archaeological finds - animal remains, botanical residues; implements 

d nutritional analyses’of game animals and wild plant foods i similar to 

those available before agriculture 

4. Modeling 

A(C%) + V(C”X) = daily energy intake 

00-l 1-16 
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l A and V - mean energy content @al/g) of animal~and vegetable foods 

Ca and Cv - proportions of animal and vegetable foods, respectively 

X - total number df grams of food required to provide daily energy 

5. Previously reported results: 

a. Protein: 30-35% total energy 

b. Carbohydrate: 40-50% 

c. Fat: 20-25% 

Recently Revised Model Inputs 

1. Hunter-gatherer subsistence patterns 

a. old mean: 35% animal : 65% plant (by weight) 

b. revised mean: 45% animal : 55% plant 

a 
2. Improved assessment of game nutritional properties 

a. old view - based solely on muscle meats (i.e. “selected cuts”) 

b. new view - hunter-gatherers actually consume “total edible,” hence fat 

content is 1.5 - 18%, not 1 - 5%. 

New Estimates: 

Mean macronutrient contriiution (% total energy) 

a. Protein 30-33% 

b. Carbohydrate31-34% < 

c. Fat 36% 

General FatCharacteristics: 

1. Energy contribution similar to Mediterranean (and current American) 

0 pattern; unlike East Asian paradigm. 

2. But character of fat is much different from U.S. pattern: 

00-11-16’ 
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Claudia Galli, M.D., President, ISSFAL 

Session I. Principles to be Considered in Determining &sen&l.ity and DRIs 

Cochairs: Artemis P. Simopoulos, M.D. 

Harald S. Hansen, Ph.D., D-SC. 

9:OO - 9:30 a.m. Critetia for Determining Essentiality and Standards for DRIs 

Vernon R .Young, Ph.D., D,Sc.. 

9:30 - 1O:OO a.m. Essentiality of Omega-3 Fatty Acids 

Arthur A. Spector, M.D. 

1O:OO - 10~30 am. Dejining the Omega-3 Status in Mammals 

Andrew J. Sinclair, Ph.D.. 

lo:30 - 11:OO am. Coffee Break 

11 :OO - 11:30 am. An Evolutionary View of Diet Recommendations 

S. Boyd Eaton, M.D. 

11:30 - 12:30 p.m. Discussant and General Discussion 

Harald S. Hansen, Ph.D., D.Sc. 

12:30 - 2:OO p.m. Lunch 

Session II: Essential Fatty Acids and Central Nervous System Function 

Cochairx N&man Salem, Jr., Ph.D. 

W illiam C. Heird, M.D. 

2~00 - 2~30 p.m. Evidence for the Essential Nature of DHA for the Human and Rat 

Nervous @stem 

Norman Salem, Jr.; PhID. 

2~30 - 3~00 pm. DI-L4 &pplementation of Bieastfeeding Mothers: Efl&ts on Maternal 

P&ma and Milk Fatty Acids, Infant Plasma Fatty Acids, Infant Vii1 
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- - 

a Function and Infant Neurodevelopmental Status 

William C. Heird, M.D. 
; 

3:00 - 3:30 p.m. knctional Basis for the Importance of Omega-3 Fatty Acids in Retinal 

and CNS Development 

Martha Neuringer, Ph.D. 

3:30 - 4:00 p.m. Long Chain Poljwnsatura&s and Human Visual Development 

Eileen Birch, Ph.D. 

4:OO - 4:30 p.m. Coffee Break 

4:30 - 5:00 p.m. l%e Eflects of DM on Hostility 

: Tomohito Hamazaki, M.D., Ph.D. 

5:OO - 5:30 p.m. Omega-3 Fatty Acids in Mood Disorders 

a Andrew L. Stall, M.D. 

230 - 6:30 p.m. Discussants and General Discussion 

Peter W illatts, Ph.D. 

Joseph Hibbeln, M.D. 

7:30 - 1090 p.m. Dinner at the Be&&a Ramada’ 

THURSDAY, A?RIL 8; 1999 

Session III. Cardiovascular Disease 

Cochaim Akxinder Leaf, M.D. 

RafYaele De Cater&, M.D., Ph.D. 

0 9:00 - 1O:OO a.m. Poi)ksaturated Fatty Acids and Cardiowz&ar D&ease 

Alexander Le& M.D. 
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a 10:00 - lo:30 a.m. n-3 pdljkaturated Fatty Acids Inhibit COXi2 Expression 

Rtiaele De Caterina, M.D., Ph.D. 

10~30 - 11:OO a.m. Coffee Break 

11:OO - 11:30 am. Alpha-Linolenic Acid in the Prevention of Cardiovascular Disease 

Serge Renaud, M.D. 

11:30 f 12:00 p.m. Omega-3Long Chain PUFA and Ttiglyceride Lowering: Minimum 

Eflective Intakes’ 

William S. Harris, Ph.D. 

12:OO - 12:30 p.m. Eficacy of n-3 PUFA and vitamin E in 1 I,324post-MIpatients: 

Results of GISSI-PREVENZIONE 

a Roberto Marchioli, M.D. 

12:30 - 1:00 p.m. Discussant and General Discussion .. 

W illiam E. Lands, Ph.D. 

1:00 - 2:00 p.m. Lunch 

Session Iv: Relationship of Essential Fatty Acids to Saturated, Monounsaturated, 
and Trans Fatty Acids 

Cochairsz Claudio Galli, M.D. 

Andrew J. &air, Ph.D. 

2:OO -.2:30 p.m. Relatiotihips Between Saturated Monounsaturated, Pol’tiaturated 

. Fatty Acids= Dietary Data vs. Datafiom Plasma Fatty Acid and I 

a L@id AnaZpes 

Claudio Galli, M;D. 
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Omega-3 Fatty Acids 
a- 

: d 

Herbert D. Woolf, Ph.D. 

952 - lo:04 a.m. Essential Fatty Acids and the Products of the Groupe Danone 

for Human Nutrition 

Dominique Lammann-Petithory, M.D. 

lo:04 -- 10: 16 a.m. Advantages and Disadvantages of the Use of Fla,x Seed as a Source of Omega-3 

Paul A. Stitt, Ph.D. 

10: 16 - l&28 a.m. Omega-3 LC-PUFA iij?om a Health Concept to Foods in the Shelves 

Reto Muggli, Ph.D. 

lo:28 - lo:40 a.m. Infant Formulas with no DIL4 or ARA.. Are They Causing Harm? 

David J. Kyle, Ph.D. 

a lo:40 - 1l:OO a.m. Coffee Break 

11:OO - 11:12 a.m. Clinical Safety Studies of LCPUFA Supplementation of Premature and Term 
Infant Formulas -. 

James W. Hansen, M.D., PkD, 

11: 12 - 11~24 a.m. Omega-3 Long Chain PUFA n” Closing the Nutritional Gap 

Jacques Boudreau 

11:24 - 11:36 a.m. OmegaTech, Inc. 

William R. Barclay, Ph.D. 

11~36 - 11:48 a.m. Safe& of Omega-3 Products Based on Fish Oil as Starting Material 

Bjom Rene 

11:48 - 12:00 p.m. Other 

1230 - 1:00 p.m. Discussants Bnd General Discussion 
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2:30 - 3:00 p.m. Nutritional and Metabolic Interrelationships Between. Omega-3 

Fatty Acids and Trans Fatty Acids 

B&e J. Holub, ih.D. 

3100 - 3:30 p.m. Coffee Break 

3:30 - 4:00 p.m. Choice of Monounsaturated, Trans and Omega-3 Fatty Acid-Rich Oils 

for the Prevention of Excessive Linoleic Acid Syndrome 

H&umi Okuyama, M.D. 

4:00 - 500 p.m. Discussion 

FRIDAY, APRIL 9,1999 

a Session V. Dietary Recommendations and Omega-6:Omega-3 Ratio (LA, LNA, AA, 
EPA, DHA) 

Cochairs: Peter RC. Howe, Ph.D. 

Bruce J. Holub, Ph.D. 

9:00 - 9:20 am. Intakes of Dietmy Fatty Acid in the United States Resultsfiom the USDA’S I994- 
1996 Continuing Survey of Food Intakes by Individuals 

Gary J. Nelson, PhD. 

9:20 - 9:30 am. World Health OrganizatiomTan American Health Organization 

(Status of EFA Worldwide) 

Manuel P&a, M.D. 

9:30 - 9:40 a.m. n-3 Fatty Acids: Food Supply, Food Comp&tion ., 

and Food Consumption Data 

a William D. Clay, Ph.D. 

9:40 - 952 am. BASF’S Approach to Commerctiaization of Long Chain 
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a Bruce Holub, Ph.DI ‘- 

Rebecca Costello, Ph.D. 

1:00 - 2:00 p.m. Lunch 

Session VII. Conclusions and Recomniendations 

&chairs: Alexander Leaf, M.D. 

Artemis P. Simopoulos, M.D. 

2:00.- 5:OO p.m. Roundtable Discussion 

ABSTRACTS 
Wednesday, April 7,1999 

a Session I. Principles to be Considered in Determining Essentiality and DRIs 

Criteria for Determining Essentiality and Standard! for DRIs 

Emon R Young, Ph.D., DSc. 

. Massachusetts Institute of Technology, Cambridge, ib54.02139, USA 

This introductory presentation to the workshop will begin with an h&al, brief statement about the . 
importance of knowledge on the quantitative needs for nutrients and the multiple uses of nutrient- 
based dietary reference values. From this introduction we will turn to (i) a consideration of the. 
evolving conceptual and factual basis underlying the “essentiality” of nutrients and (ii) the definition 
and description of dietary reference intakes (DRTs). The latter include (following the structure 
proposed and applied recently by the US Food and Nutrition Board/I&itute of MedicineINation~ 
Academy of Sciences):- Estimated Average Requirement (EAR); Recommended Dietary Allowance 
@DA); Adequate Jntake(AI) and Upper Tolerable Level (UL). The most useful DRI is the EAR, the 
reasons for which will be examined. Then a detailed discussion will follow with respect to the 
establishment of DRIs, including an emphasis on (a) the choice of the criterion (criteria) of nutrient 
adequacy chosen to establish a specific DRI and (b) the approach(es) that might be taken and data 

. 
that are desirable to achieve this goal. The importance of seeking a congruence of evidence, where 
this is possible, in arriving at a DRI will be emphasized, by example. Finally some suggestions will 
be made with respect to the setting of DlUs for omega-3 and omega-6 fatty acids 

a Essentiality of Omega-3 Fatty Acids 

Aihur A. Spector, M.D. 
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0 

Department of Biochemistry, University of Iowa College of Medicine, 

Iowa City; Iowa 52242, USA . 

There is a growing consensus that omega-3 fatty acids are essential nutrients for humans. Much of 

the evidence is based on physiological mcasukments such as neurological development .and visual 

acuity. To better understand why this class of polyunsaturated fatty acids is required, we must 

determine the biochemical basis for the essentiality. Of the eight fatty acids that comprise the 

omega-3 metabolic pathway, the two that are most likely to have essential biochemical functions are 
eicosapentaenoic acid (EPA) and docosahexaenoic acid @HA). 

EPA can be converted to prostaglandins, thromboxanes and lipoxygenase products. However, no 

essential role for these EPA-metabolites has been reported, and it seems unlikely that the formation of 
these products is the reason that omega-3 fatty acids are essential. When elevated amounts of EPA arc 
available, the incorporation of arachidonic acid (AA) into cell phospholipids and its conversion to 
eicosanoid mediators is reduced. Thus, EPA acts as a competitive inhibitor of AA, .and this probably 
accounts for some of the beneficial effects of omega-3 fatty acids in the treatment of cardiovascular 
and inflammatory diseases. While the possrbility that EPA is essential in order to modulate the effects 
of AA cannot be ruled out, the amounts ordinarily present in the plasma and tissues probably are too 
low to competitively inhibit the actions of AA. Therefore, modulation of AA metabolism is more 
likely to be a pharmacological effect of omega-3 fatty acid stippkments rather than an essential 
physiological function. 

The basis for considering DHA as the biochemically essential omega-3 component is much more , 

compelling. DHA is the most abundant omega-3 fatty acid in most tissues, and it is present &I large 
amounts in the brain and retina+ DHA is the omega-3 fatty acid required fdr normal development of. 
the nervous system and dptimum visual acuity. Fur&more, when an omega-3 fatty acid deficiency 
exists, the body compensates by replacing it with the corzesponding fatty acid of the omega-6 series, 
omega-6 docosapentaenoic acid (DPAn-6). These findings strongly suggest that DHA has an essential 
biochemical function. The most likely possibility is a membrane structural effect involving the 
packing of phospholipid head groups or the interaction of the lipid domains with membrane proteins. 
The lipids that contain the highest percentages of DHA are cthanolamine plasmalogen, 
phosphatidylethanolamine and phosphatidylscrine. Therefore, it is likely that the function of DHA 
involves the metabolism, trafikking or physical p.roperties of these phospholipids. Other possibilities 
that must be considered include the conversion of DHA to a lipid mediator, binding of DHA to a 
nWear receptor that regulates gene expression, or formation of a DHA-centered Gee radical, 

-A central question concerning the essentiality of omega-3 fatty acids is why DHA rather than the 

0 corresponding member of the omega-6 series, DPAn-6, fulfihs this purpose. The usual Western diet 
contains l@ to 20-times more omega4 fatty acid, and the same metabolic pathway is utilized by both 
fatty acid classes. One possibility is that DHA is utilized more efficiently than DPAn-6. 
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- . 
a However, studies w&r neural cells in culture indicate that there is no appreciable difference in the 

uptake, retention or incorporation into phospholipids of DHA as compared with DPAn-6. While 
? 

more detailed measurem ents may reveal a functional difference between DHA and DPAn-6, no 

such evidence is currently available. This suggests that DHA is utilized rather than DPAti-6 because 
it is more available to the tissues. Although the absolute amounts of these fatty acids in the plasma 
lipids are very small, there ordinarily is about five-times more DHA than DPAn-6. Furthermore, the 
main product formed by cultured astrocytes t?om omega-3’fatty acid precursors is DHA, whereas the 
main omega-6 product is AA. A&rocytes are the site where most of the polyunsaturated fatty acid 
precursors are elongated and desaturated in the brain. Thus, much more DHA than DPAn-6 appears 
to be available in the central nervous system. 

These findings suggest the following hypothesis regarding the essentiality ofomega- fatty acids. 

Certain tissues,especially parts of the central nervous system, require arelatively large amount of a 
22-carbon polyunsaturated fatty containing a 4,5-double bond for optimum function. The omega-6 
metabolic pathway cannot satisfy this requirement because it operates primarily to produce AA for 
-eicosanoid and inositol phospholipid synthesis. While some docosatetraenoic acid (22:4n-6) is made, 
it is primarily retroconverted to AA rather than proceeding down the pathway to form DPAn-6. 
Therefore, even though more omega-6 fatty acid precursors are available, the omega-6 pathway 
cannot produce enough DPAn-6 to satisfy tissue requirements. By contrast, the main product of the 
omega-3 pathway is DHA, not the 2O-carbon intermediate. This fundamental 

difference in the operation of the polyunsaturated fatty acid metabolic pathway is likely to be the 

biochemical reason whyomega- fatty acids are essential. 

(Supported by NM grants HL49264 and CA6608 1) 

Defining the omega 3 status in mammals 

AJSinclair, Ph.D. 

Department of Food science, &WT University, Melbourne, Victoria, Australia 3001 

This talk examines the status of omega 3 polyunsaturated fatty acids (PUPA) as essential nutrients in 
mammals. The first issue to be addressed is the importance.of having a surrogate championwhich 
promotes the cause of a nutrient on a daily basis. The question, what is your choksterol level, is a 
message which sustams the cholesterol-heart disease story. Clearly, despite the importance of auti- 
oxidants,,fibre, foiate and anti-platelet therapy in CHD, cholesterol has been a survivor. Do the 
omega 3 PUPA have such a champion? In other words, do we have the data to support the importance 
of these essential nutrients; the existence of the MRFIT data and the more recent secondary 
prevention data from France and India provide strong support for the essentiality of the omega 3 
PUPA. 

The history of the ISA reveals that the omega 3 PUFA were ignored by most for 40 years or more. 
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a Paleolithic u.s, 

% sat&ted less more 

__ 
- _. _. 

% Cl8 more less 

% Cl4 + Cl6 less more 

% monounsaturated more less 

% po@uxaturated more less 

% C20 + C22 more less 

06 : 03 lower higher 

New Inputs Alter Essential Fatty Acid Retrojections: 

Paleolithic Current 

1998 Estimate 1999 Estimate American 

a Total C20 + C22 3.01 g/d 5.79 g/d 0.80 g/d 

AA : 03 LCP 1.68 1.43 5.6 

Overall w6 :‘03 0.79 1.39 > 10.0 

Wednesday, April 7,1999 

Sessiod II. Essential Fatty Acids and Central Nervous System Eh’nction 

Evidence for the Essential Nature of DHA in the Human and Rat Nervous System 

Norman Salem Jr., Ph.D., Rebecca Greiner, Toru Moriguchi, 

Jim Woods, Patricia Mena, and Ricardo Uauy 

Laboratov of Membrane Biochemistry & Biophysics, NUAA, National I&titutes of Ekalth, 
Rockvilte, MD, USA and the Institute of Nutrition and Food Technology,, Viiiversity of Chile, 
Santiago, Chile 

A series of experiments were performed which demon&at! that diets that are low in b-3 fatty acids 
lead to low brain DHA and also lead to losses in nervous system fimction. Diets were constructed that 
v+ed only in the amount of alpha-linole& acid intake derived fiom flax oil and adequate in linolek 
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.a&l derived Corn safflower oil. No long chain (20C or more)‘polyunsaturates werepresent m these 

a 
~&$.s. Rats were raised for three generations on these diets and animals were tested at adulthood in the 
second and third generation. Brain and retinal DHA was markedly depressed in the second and third 
generations with increases in the long chain n-6 polyunsaturates, especially docosapentaenoate 
(22:5&Q. Accompanying this “reciprocal replacement” of DHA were significant losses in 
performance on behavioral tasks related to learning and memory. The n-3 deficient rats acquired an 
olfactory dis crimination task more slowly and made significantly more errors. This was significant as 
it extends the constellation of deficits described in n-3 deficiency to another sensory modality in 
addition to vision. In addition, n-3 deficient rats showed delayed escape latency in the Morris Water 
Maze task. This was more pronounced in the third generation where the DHA deficit was slightly 
greater relative to the second generation. Motor activity was not significantly different between 
groups. The swimming speed and distance traveled was greater for the n-3 deficient animals, yet they 
took a longer time to find the platform. In a subsequent memory test with the platform remov& the 
deficient animals made fewer crossings of the former position of the platform indicating that the n-3 
adequate group better retained the memory of the position of the platform. This effect was 
particularly pronounced in the third generation. These experiments show that there are functional 
deficits associated with low brain DHA that may relate to sensory function, but it is more likely that 
they are due to losses in higher level functions related to information processing in the brain that are. 
necessary for memory and learning. 

In the second series of experiments, the focus was on the level of alpha-linolenate necessary to 
support nervous system DHA levels. An artificial rearing system was used to control the EFA content 
of rat pup diet fi-om day 5-18 of life. At weaning ratios of linoleate to alpha-linolenate of l&l and 
even 1: 1 did not produce the same level of brain DHA as a 1: 12 ratio or that of dam-reared pups 
whose mothers were fed a diet containing 1.1% DHA as well as other LCPs, i.e., were well 
nourished. However, the 1: 12 ratio led to a decrease in brain AA while the 10: 1 ratio led to a slight 
increase over the dam-reared level. There was a similtipicture in the retina, with the exception that 
even the extreme case of LA/LNA of 1:12 did not support the same level of retinal DHA as that of 
dam-reared animals. The high LNA diet (1:12) again led to a significant decrease in retinal AA. Thus 
it appears that in creasing the level of alpha-linolenic acid in developingmammals is not an entirely 
adequate solution to the problem of supporting the neural DHA at a level comparable to that ofa well 
nourished maternal reared individual. Raising the n-3 content to a 1: 1 level does support a balanced 
EFA composition of the nervous system to a much greater extent that the 1O:l ratio, a ratio that is 
more typical of human infant formulas in North America. 

The third issue to be addressed is the applicability of these studies to humans. Essential fatty acid 
metabolism was assessed in viva in adults and in infants of various gestational ages and birth weights. 
A controlled trial in adults demonstrated conclusively that linoleic acid is converted to am&donate 
and alpha-linolenate is converted to DHA. The rates of the n-6 metabolism appear faster than the li-3 
conversions, in contrast to some previous findings. Increased levels of n-3 fatty acids associated with 
a fish-poultry based diet led to decreases in deuterium incorporation in DHA. Smoking and alcohol 
intake were associated with increased deuterium incorporation into DHA fi-om linolenate. Infants are 
capable of LA to AA and LNA to DHA conversion in vivo with the fhst week of life even when 

. born very prematurely (e.g., 1 kg BW). In fact, it was surprising that there was an inverse correlation 
of deuterium enrichment of DHA with gestational age. Although it is clear that premature and term 

l 
infants express EFA metabolic activity, it must be understood that these are trace level studies; the 
metabolic activity towards DHA in particular is very limited and unlikely to be adequate to support 
rapid brain and organ DHA accretion during the first months of life. 

09-l l-16 
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a Docosahexaenoic Acid @HA) Supplementation of Breastfeeding Women: Effects on;Mat&a 
Plasma and Milk Fatty Acids, Infant Plasma Fatty Acids; Infant Visual and 
Nenrodevelopmental Function and Indices of Maternal Depression 

Craig L knsen, Ahtolin M Llorente, Rdbeti G Voigt, Thomas C Prager, J K Fraley, 

Yali L Zou, Marcia C Berretta and William C Heird, M.D. 

Children’s Nutrition Research Center, Department of Pediatrics, 

Baylor College of Medicine, Houston, Texas, USA 

DHA, an important component of the structural lipids of brain and retina, is present in human milk 
but not in formulas currently available in the United States and it has been suggested that the better 
visual and cognitive development of breastfed infants is due, at least in part, to the presence of DHA 
in human milk. However, the DHA content of the milk of U.S. women, which is dependent on 
maternal plasma lipid DHA and, hence, intake of a -1inolenic acid and/or DHA, is less than that of 
many other populations. Further, the DHA content of maternal plasma lipids decreases during 
lactation. Thus, it has been suggested that breastfeeding women and their infants might benefit from 
maternal DHA supplementation. Indeed, we and others have shown that matenial DHA 

. supplementation prevents the usual decline in maternal plasma lipid DHA content and increases the 
DHA content of maternal plasma as well as that of milk and the recipient infants plasma 
phospholipid. Based on these data, we hypothesized that maternal DHA supplementation also would 
result in better visual and neurodevelopmental status of the recipient infants and lessen the incidence 
of maternal depression which, in epidemiological studies appears to be higher in populations with 
low DHA intake. 

To test these hypotheses,:women were assigned randomly and blindly to receive either-200 mg of 
DHA daily (n=80) or a placebo (r&5) for 120 days after delivery. Visual ‘function of infants was 
assessed by transient visual evoked potentials (VEP) and visual acuity was measured by sweep VEP 
and the Teller Acuity Card Procedure at 4 and 8 months of age. Infant neurodevelopmental status at 
12 months of age was assessed by the Clinical Adaptive Test/Clinical Linguistic and Auditory 
Milestone Scale (CAT/CLAMS) and the Gesell Gross Motor Developmental Quotient (GM DQ. 
Maternal depression was assessed by the Beck Depression Inventory (BDI), the Edinburgh Postnatal 
Depression Scale (EPDS) and the Structured Clinical Interview for Depression.(SCID). 

There were no differences at either4 or 8 months in VEP latency, VEP amplitude, sweep VEP acuity 
or Teller acuity between groups whose mothers did or did not receive DHA. There also were no . 
statistically siguificant differences in mean CAT (111.2 f 11 .O VS. 107.3. ): 9.3) or CLAMS (101.5 
f 16.0 vs. 100.9 f 13.9) scores of infants whose mothers did or did not receive DHA; however, the 
mean GM DQ of infants whose mothers received DHA was significantly greater than that of infants 
of mothers who did not (102.6 f 13.3 vs. 95.2 f 12.7; p=O.O3). The incidence of postpartum 

. depression as assessed by BDI, EPDS or SCID did not differ between groups and was lower than 
expected in both groups. 

a We conclude that maternal DHA supplementation maintains or increases the DHA content of 
maternal plasma lipid and increases the DHA content of both maternal miIk and the lipids of infant 
plasma. However, in this study, these positive effects of maternal DHA supplementation were not 
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accompanied by better visual function, visual-motor problem-solving ability or language 

0 
development of the recipient infant and also did not affect the incidence of maternal depression. On 
the other hand, maternal DHA supplementation resulted in the recipient infants having somewhat 
better indices of motor development at 12 months of age. These data, therefore, do not support our 
hypothesis that maternal DHA supplementation improves visual and neurodevelopmental status of . 
the recipient infant or lessens the incidence of maternal depression. They provide little support for the 
concept that breastfeeding mothers require supplemental DHA. 

Functional Basis for the Importance of Omega-3 Fatty Acids 

in Retinal and CNS Development 

Martha Nwrfnger, Ph.D. 

Department of Medicine and Ophthalmology, 

Oregon Health sciences University, Beaver-ton, Oregon, UsA 

~Infimts fed standard infant formulas lacking DHA have low blood and tissue levels of DHA 
compared with those receiving pre-formed DHA or human milk. Whether dietary intake of omega-3 
fatty acids has a substantial impact on CNS levels depends on the infant’s stage of development and 
prior nutritional status. Preterm infants, who are at an earlier stage of brain development and of DHA 
accretion, are at greater risk than term infants of failing to achieve normal DHA levels in the retina 
and nervous system. However, animal studies have shown that low tissue levels are rapidly corrected 
once a dietary supply becomes available and, once incorporated into neural tissue, DHA is 
tenaciously retained. Therefore CNS levels in older children or adults are unlikely to be altered 
significantly by low dietary intake of omega-3 fatty acids. 

For the purpose of defining essentiality, the more important question is whether a difference in fatty. 
acid status during development is related to functional deficits. The most consistent effects of omega- 
3 fatty acid deficiency and supplementation have been on measures of visual system fun&ion. In 
monkeys and in preterm human infants, diets low in DHA’s p recursor, alpha linolenic acid, lead to 
poorer development of both visual acuity and the electroretinogram, a measure of retinal physiology. 
Furthermore, supplementation with pm-formed dietary DHA has been associated with enhanced. 
visual acuity development in most studies of pretemr infants and insome, but not all, of term infants. 

It is assumed that these effects are mediated by differences in the fatty acid composition, and 
particularly the DHA content, of retinal and neural membranes.. However, the underlying mechanisms . . 
for these effects, and the critical site(s) for these effects within the nervous system, are not clearly 
understood. Changes in the electroretinogram, which specifically measures retinal ftmctio~ are 
hypothesized to be the result of changes in the biophysical properties of photoreceptor outer segment 
membranes, the site for the absorption of photons and their transformation into neural signals. These r 
membranes contain the body’s highest levels of DHA. Differences in visual acuity~dev.elopment, on 

a 
the other hand, may be due to changes within photoreceptor membranes, other elements within the 
retina, the central visual pathway, and/or the visual cortex. Possiile mechzmisms’include alterations 
in the development of the fovea, changes in retinal sensitivity, or changes in the synaptic connectivity’ 
or activity of the visual cortex. 

00-11-16 
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Studies of DHA supplementation inhuman infants have reported differences in v@ualacuity 
primarily during the first few postnatal months and in one major study at one year of age. The longq- 
term implications of these differences in infant acuity still are unclear, due to the lack of studies with 
more extended follow-up. 

However, it is known that restriction of visual input during early development can lead to lasting 
effects on visual function, so it will be important to examine this issue more closely. -0 

Differences in visual development are of interest not only in their own right, but also because they 
may reflect a more general effect on neural, and perhaps cortical, maturation. Studies reporting an 
advantage in intellectual development in breast-fed compared with formula-fed infants have’ 
prompted speculation that the DHA present in breastmilk is a critical factor. However, the difference 
in DHA content is confounded with many other compositional differences, as well as socioeconomic 
and parenting factors which are known to strongly influence intellectual development., 

In monkey studies and in randomized human clinical trials, differences have consistently been found 
in one aspect of cognitive development, visual attention. In monkey infants fed low levels of alpha 
linolenic acid, and preterm human infants fed formulas without DHA, the duration of fixations to 
visual stimuli are prolonged compared to infants with higher DHA status. Developmental 
psychologists have interpreted increased look duration as indicating slower speed of processing the 
stimulus and encoding it into memory. It is also possrble that this effect reflects a specific difficulty in 
shifting or disengaging attention, an ability which develops during the first postnatal year, or a 
difference in the intensity of the infants’ responses to visual stimuli. This effect appears to be 
independent of effects on visual acuity, as the two outcomes are not correlated in either monkey or 
human infants. Longer look durations are moderately correlated with poorer achievement in later tests 
of cognitive development, including IQ tests at school age. Thus, as with the effects on visual acuity, 
the implications of this difference for later development are unclear but worthy of further study. 

Both animal and human ‘studies of the effects of omega-3 fatty acid status on behavioral development 
have focussed on possible changes in cognition and learning. Other aspects of behavior generally 
have not been examined but are of equal interest. There are good rationales to hypothesize efIbcts of. . 
omega-3 ‘fatty acid status on, for example, sleep and t emperament.Pre1iminaryflndingsinrhti 
monkeys indicate changes in both sleep and responsiveness to environmental stimuli. Changes in 
eicosanoids or in neurotransmitter metabolism provide plausiile mechanisms for such effects. 

The range of functional effects of omega-3 fatty acid deficiency and supplementation during, ’ 
development and their impact on later vision, cognition and behavior are not completely understood,. 
nor are the relationship of these effects to the dose of dietary DHA and the age and duration of dietary 
intervention. These issues can only be resolved by longer-term studies with a range of dietary 
treatments and functional outcomes. 

Long Chain Polyunsaturates and Hnman Visual Development 

a Eileen Birch, Ph.D. 

Retina Foundation of the Southwest 
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The Effects of D&A on Hostility 

Tomohito Hamazaki, M.D., Ph.D. . ~. 

Department of Clinical Application, Institute of Natural Medicine, 

Toyama Medical and Pharmaceutical Univer-sity, Tbyama-shi, Toyama 930-0194, Japan 

Numbers of studies have indicated an association between Type A behavior pattern (TABP) and 

CHD. TABP is characterized by aggression, hostility, excessive competitive drive, and time 

’ urgency. Because TABP is a vague and complex mixture of behavior patterns, many researchers 

began to investigate components of the TABP construct. Hostility is the most popular factor among 
them. Actually it better predicts important adult diseases than TABP. 

We have been investigating the effects of DHA on extraggression (aggression against others, EA) of 

a 
students using P-F study originally created by Rosenzweig. In P-F study testees are asked to give 
comments to fiustrating pictures. Those comments are judged if they are aggressive against others 
(EA), self or nobody. EA contains three categories: obstacle-dominance, ego-defense 

(extrapunitive) and need-persistence. Comments are judged as ego-defensive, if comments contain 

hostile words to others, or aggressive denial or rejection against othersi reproach or 

accusation. Thus, we regarded ego-defense as ho&y in the following studies. 

According to our previous three-month double-blind study, hostility was enhanced by final exams in 
control students, whose average intakes of DHA were about 200 m&d, whereas hostility was not 
euhanced in students who took DHA capsules (1 S-l .8 g DHA/d); in another study we found that if 
there was no stressor like exams, hostility was not changedsignificantly in either the control or the 
DHA group. We also found that DHA administration significantly enhanced the ratio of plasma 
epinepluine to norepinephrine in the DHA group compared with the control group during continuous 
psychological stress (final exams for two months). This DHA effect was mainly due to 
norepinephrine reduction in the DHA group. . 

Those studies above were all done with young adults. But people over 50. are more suscep&le to 

stress-related adult diseases. Consequently, we decided to perform a similar study.with older 

-0 subjects to investigate the effects of DHA on hostility. 

Method. Twenty-two males and 18 females of SO-60 yr of age volunteered for the present 
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double-bind study. They were all healthy, and one half of them were f-em from suburban farming 1 
villages in Nakompathom, Thailand. They were randomly allocated ether to the DHA group (11 
males and 8 females) or to the control group (11 males and 10 females). Subjects in the DHA group 
took 10 DHA cap+s/d containing 1.5 g DHA as a total for two months, and those in the control 
group took 10 control capsules/d, each capsule containing 280 mg of mixed plant oil (47 % olive oil, 
25 % rapeseed oil, 25 % soybean oil and 3 % fish oil). At the start and the end of the study, 
volunteers took P-F study. Just before they took P-F study at the end of the study, they watched a 
provoking.videotape for 20 min as stressor. The videotape contained many cruel scenes from the real 
crimes and disasters. . 

Results. EA was significantly decreased in the DHA group (32 + 15 % to 25 f 1 l%, M + SD, 
p<O.O2), whereas not in the control group (27 f. 16% to 23 f 10%). Inter-group difference was not * 
significant by ANOVA. Hostility was significantly decreased in the DHA group (17 f 8% to 11 f 
7% pcO.O5), whereas not in the control group (16 a 11% to 12 f 8%). Although the inter-group 
difference was not significant by ANOVA, the ratio of increment in hostility in the DHA group (20ut 
of 19) was significantly (p<O.OS) lower than in the control group (8 out of 21). 

Discussion. We provoked subjects of both groups by videotape, but extra aggression or host&y did 
not increase in either group. The place where PF study was performed (Silpakom University, 

Nakompathom) was not familiar to most of the volunteers. Consequently, there m&t be effects of 
becoming accustomed to the test in a very unfamiliar place at the end of the study. Although the 

a 
effects were marginal compared with the case of young adults with natural stressor, it is likely that 
DHA intluenced hostility of people even in their fifties. Taken into account that hostility is a risk 
factor of adult diseases, enough amounts of DHA (up to 1.5 g/d) might be beneficial. 

Omega-3 Fatty Acids h Mood Disorders 

Andrew L. Stall, M.D. 

McLean Hospital, Belmont, Massachusetts, USA 

Omega-3 fatty acids may inhibit neuronal signal transduction pathways in a manner sin&r to lithium 
and valproate, two effective treatments for bipolar disorder. To examine this pharmacological 
similarity mofe closely, a study was perfomxxi to examine whether omega-3 fatty acids also exhibit 
mood-stabilizing properties in bipolar disorder. This was a 4-month, double-blind, placebo-controlled 
study, comparing omega-3 fatty acids (9.6 g/d) vs. placebo (olive oil), in addition to usual treatment, 
in 3O.patients with bipolar disorder. 

The results of the study revealed strong mood stabilizing and antidepressant effects of the omega-3 
fatty acids. A Kaplan-Meier survival analysis of the cohort revealed that the omega-3 fatty acid 
patient group had a significantly longer period of remission than the placebo group (p = 0.002; 

a 
Mantel-Cox). &I addition, for nearly every other outcome measure, the omega-3 fatty acid group 
performed better than the placebo group. Omega-3 fatty acids were well-tolerated and improved the- 
short-term course of illness in this preliminary study of patients with bipolar disorder. 



The omega-3 fatty acids offer some unique benefits, should they prove to be truly effective mood 

l stabilizers. The advantages of the omega-3 fatty acids as mood stabilizers include the apparent acute 
efficacy in both the manic and depressive phases of bipolar disorder, their lack of toxicity, as well as 
high patient acceptance. In addition, omega-3 fatty acids confer some health benefits during chronic. 
use, such as pos$ble reduction in the risk of a fatal myocardial infarction. In addition, the omega-3 
fatty acids have no documented adverse drug interactions, and appear to be safe (and possibly 
beneficial) in pregnancy and in children. 

The disadvantages of the omega-3 fatty acids include their low potency, which results in a relatively 
large number of capsules per day. This may effect compliance. In addition, at the high doses used in 
the pilot study, several patients treated with either olive oil placebo or omega-3 fatty acids developed 
mild gastrointestinal distress, generally loose stools. This was completely abolished by lowering the 
dosage slightly or dividing the dosage mto 3 or 4 separate portions. There is also the theoretical risk 
of increased bleeding during high-dose omega-3 fatty acid treatment. However, no change was 
observed in bleeding times during the controlled trial in bipolar disorder. 

We have also treated more than 20 bipolar patients with open-label flaxseed oil; Flaxseed oil contains 
alpha-linolenic acid, a shorter chain omega-3 fatty acid. Measuring the clinical response to an open- 
label treatment is unavoidably subjective. However, the majority of the bipolar patients treated with. 
flaxseed oil appeared to benefit. Many of these patients have described a distinct mood elevating ._ 

effect from the fhtxseed oil, and most have elected to remain on the flaxseed oil for the long-term. As 
_ with fish oil, the flaxseed oil was used adjtmctively, in that the flaxseed oil was added to whatever 

mood stabilizing medication the patient was aheady receiving. The flaxseed oil was generally better 

a 
tolerated than fish oil. However, whether causally related or not, we have observed several cases of 
hypomania in bipolar patients treated with flaxseed oil. 

Our results support other data suggesting that the mechanism of action of mood stabilizers in bipolar 
disorder is the suppression of aberrant signal transduction and inhibition of kindling processes. This 
is consistent with a model of abnormalsignal transduction in the pathophysiology of bipolar disorder. 
If further studies confirm their efficacy in bipolar disorder, omega-3 fatty acids may represent a new 
class ofmembrane-active psychotropic compounds, and may herald the advent of a new class of 
rationally designed mood stabilizing drugs. 

Thursday, April 8,1999 

Sessiq III. Cardiovascular Disease 

Polyunsaturated Fatty Acids and Cardiovascular Disease 

Alexander Leaf: MD. 

Departments of Medicine, Massachusetts General Hospital and 

-a the Harvard Medical School, Boston, i)4assachusetts; USA 

Coronary heart disease is the leading cause ofdeath in the United States and in Western industrialized 
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countries. Many reports have appeared since theepidemiologic evidence of-Bang and Dyerberg called 
attention to the low mortality from coronary heart d@ses (CHD) among the Greenland Eskimos, 
which they attributed to potential antiatherosclerotic effects of the diet high in oil of marine -. 
vertebrates. Many studies have documented the effects of fish oils on a number of biochemical and 
physiologic f%tors that are believed to affect the atherosclerotic process. There are also a 
considerable number of experimental studies in animals which show a reduction in atherosclerosis 
when diets high in saturated fatty acids and cholesterol are supplemented with fish oils. Notably 
among these are the beneficial effects reported in swine and in nonhuman primates, but even in a 
nonhuman primate negative results have been reported. 

What Bang and Dyerberg noted among the Greenland Eskimos has been largely confirmed among the 
Japanese. The Zutphen study by Kromhout and associates and the reanalysis of the Multiple Risk 

* Factor Intervention Trial by Dolecek showed an inverse relation between fish intake and mortality 
from CHD, as have other studies. Dolecek analyzed the larger Multiple Risk Factor Intervention Trial 
dividing the 6000 subjects in the control group (Usual Care) for that Trial into quintals according to 
their mean ingestion of n-3 polyunsaturated fatty acids from 0 to 0.66 g daily and found significant 
inverse correlations between the ingestion of these fish oils and coronary heart disease, all 
cardiovascular diseases and all-cause mortality with the highest quintal having lowest mortality rates. 
of some 40 to 50%. However, the rapid atherosclerosis-like processes that often cause restenosis 
following coronary angioplasty are not prevented by dietary fish oil supplements. There has been one 
prospective, randomized, placebo-controlled, secondary clinical trial which ha$ reported a 29% 
reduction in all cause and cardiovascular mortality at 2 years follow-up in patients advised to eat oily 
fish 2 to 3 times per week compared with those not so advised. Another secondary, single blinded, 
clinical trial reported a remarkable reduction in all cause mortality at 27 months mean follow-up and 
recently again at almost 4 year follow-up in the same cohort of some 7O%compared to controls ii The 
Lyon Heart Study K in which alpha-linolenic acid was considered the important dietary 
polyunsaturated fatty acid. 

Reports by Chamock and McLennan have drawn attention to another aspect of coronary heart disease 
which the highly polyunsaturated fatty acids in fish oils seem to affect beneficially. They found that ’ 
rats fed a diet high in a fish’oil were protected from the fatal cardiac arrhythmias induced by 
experimental coronary artery ligation. We have contirmed their findings in dogs with Prof. George E. 
Bi,lhnan, Ohio State University School of Medicine. We have then pursued the mechanism of the 
antian-hythmic effect of the fish oil fatty acids. W ith isolated cultured heart cells we have produced 
arrhythmias with chemical agents which can cause fatal arrhythmias in humans. We have found in 
every instance that if we add the fish oil fatty acids to the fluid bathing the cells before we add the 
toxic agent, the arrhythmia is prevented. Ifwe t?rst induce the arrhythmia in the single cultured 
contracting heart cells and then add the fish oil fatty acids the arrhythmia is promptly stopped. This 
an&rhythmic effect is due to stabilization of the excitability of every contracting cell b the heart. 
This in turn results fi-om a modulating effect of the fatty acids on.the ionic currents that initiate the 
heart beat. Further studies suggest strongly that the fatty acids interact with binding sites on the 
proteins of the ion channels thus affecting their conductivity to make the heart much less responsive 
to the electrical events that initiate fatal cardiac arrhythmias. 

Once we had found that the polyunsaturated fatty acids modulate ion curr&s in an excitable tissue, 

a 

the heart, we surmised that they must have a similar effect on all excitable tissues, since all utilize the 
same electrical communicating system il and they do! We have reported that in the brain 
(hippocampal CA1 neurons) the voltage dependent Na+ and the Gtype Ca2’ currents are affected , 
very much as are the same cardiac currents One consequence of this action in the brain is that the 
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electrical threshold for inducing generalized seizure activity in the rat using the cortical stimulation 

.a 
model, is increased. So these fatty acids are anticonvulsants as well as ant&rhythmic agents. W ith 
the findings by some psychiatrists that these same fatty acids are apparently beneficial in the 
management of depression and bipolar behavioral disorders; the finding of an important effect of the 
fatty acids on the electrical activity of brain cells may have broader health implications than just to 
cardiovascular diseases. There remains much to be learned; we are probably just scratching the 
surface of the importance of polyunsaturated fatty acids to health and the prevention of diseases. 

. N-3 Polyunsaturated Fatty Acids Inhibit COX-2 Expression 

Raflaele De Caterina, M.D.; Ph.D., , Aida Habib?, Laura Lubrano, Giuseppina Basta,’ Guide 

Lazmini, Jacques Maclouj? and Babette Weksler* 

CNR Institute of Clinical Physiology, Pisa, Italy, *Cornell University Medical College, 

Nav York USA and ?lNSERM Unite 348, Hopital Lariboisiere, Paris, France 

N-3 polyunsaturated fatty acids (n-3 FA), including docosahexaenoic acid @HA) exert anti- 
inflammatory and anti-atherogenic properties, mostly ascribed to competition with arachidonic acid 
(AA) as substrate for cyclooxygenases and 5-lipoxygenase. A cytokine-inducible cyclooxygenase 
(COX-2) expressed at sites of inflammation permits high production of prostanoids and amplification 
of the inflammatory response. We previously showed that n-3 FA (particularly DHA) are inhibitors of 
cytokine-induced expression of adhesion molecules in vascular endothelial cells (EC). Since genes 
for adhesion molecules and COX-2 share consensus sequences for transcription factors and patterns 
of cytokine induction, we hypothesized that n-3 FA might be transcriptional regulators of COX-2 
expression. We therefore measured changes in AA metabolism in cultured human saphenous vein EC 
following 48 h preincubation with 25 )LM DHA plus 24 hstimulation with IL1 or LPS. We measured 
CGX activity assessing 6keto-PGFl a by RTA as a reflection of prostacyclin production. DHA 
decreased thrombin or AA-stimulated 6-keto-PGFla to a greater extent in IL-l-stimulated EC t&m m 
the absence of L-1, sugg.esting a g&a& inhibitory effect on COX-2 than on constitutively expressed * 
COX-1. Inhibition of 6-keto-PGFl a production by DHA + the specific COX-2 inhibitor NS398 was 
greater than inhibition by NS-398 alone, suggesting that DHA acted at a diffit level than on COX- 
2 enzymatic activity~lhus, COX-2 mRNA and protein expression were compared by Northern and 
Westem analysis in control and DHA-treated EC stimulated with ILl. DHA-treated EC showed a 
50% inhibition of COX-2 expression at both mRNA and protein levels. Northern analysis of cells 
treated also with actinomycin D indicated that DHA exerted a transcriptional effect consistent with 
inhibition of NF-kB as assessed.by electrophoretic mobility shift assays. .These results show that 
treatment of EC with DHA reduces COX-2 protein expression and enzyme activity by transcription@ 
regulation likely to involve NF-e activation, and offer a plausrble alternative mechanism to many of 
the anti-inflammatory and anti-atherogenic effects of n-3 FA. - 

0 Alpha-Linolenic acid in the Prevention of CardiWascular Diseases 

S. Rena& M.D. 
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a li?SERil$ Unit 330, Universi@ Bordeati.2, fXANCE 

Cardiac mortality, especially sudden death, has been rarely prevented in dietary intervention trials to 
lower coronary heart disease (CHD). Only trials with an increased level of n-3 fatty-acids (fish or fish 
oil) (DART Lancet 1989:2:757) have succeeded so far. 

In Crete, cardiac death as shown by the seven country study is a rare event. In our duplication of 

the Cretan diet on 600 coronary patients (Lancet 1994:343: 1454) cardiac death was reduced by 

76 % and we did not observe any sudden death as compared to 8 in the control group with the 

prudent diet. Like the Crete population (Eur J Clin Nutr 1993:47:20), our subjects with the Cretan 
diet had a high level of oleic and alpha-linolenic acids in their plasma 

Studies have shown that arrhythmia of myocytes in culture, and ventricular fibrillation in dogs and 

rats are inhibited by n-3 fatty acids (Proc Nat1 Acad Sci USA 1997:94:4182). hr rat reperfbsion 

ventricular fibrillation was inhibited only by the alpha-linolenic acid rich canola oil but not by olive 

oil. (J Nutr 1995:125:1003) 

a In Crete it seems that it is through the consumption of walnuts, purslane and other greens as well as 
of snails, that a high intake of alpha-linolenic acid is achieved. 

Recent prospective studies in USA (Harvard Public Health) and Europe (Euramic) indicate that the 
only fatty acid apparently inhibiting cardiac mortality in man is alpha-linolenic acid. Thus,. 

alpha-linolenic acid, in addition to regulating the level of prostaglandins and leukotrienes, may be the. 
chief fatty acid protecting from the CBD clinical manifestations, cardiac deathand coronary - 

Omega-3 Long Chain PUF’A and Triglyceride Lowering: Minimum Effective Intakes 

William S. H’arris, Ph.D. 

Saint Luke’s H”ospital, Kansas City, iUissourii USA 

A&or Year Source !&3xEAwo~ A Trig* 
i996 Fish 

0 
Agren’ 1.05 -15% (PPL 3 

Schaefer * 1992 Fish 1.8 -7%(pPL -$ _ 

Silva 3 1996 Shrimp 0.81 -19%. 
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Fahrer 4 

m Jacques 5 

Gerhard 6 

Brov+n ’ 

A&en ’ 

Fehily ’ 

Brown lo 

Oosthnizen ’ ’ 

Valdini l2 

Gaus *’ 

Beil l4 

Rad&k *’ 

Roche l6 

Demke l7 

a Schindler * * 

Saldeen lg 1998 

Lovegrove 2o 1997 

Sorensen 2* 1998 

; 1991 

1992 

1991 

1990 

1988 

1983 

1991 

1994 

1990 

1990 

1991 

1990 

1996 Capsules 

1988 Capsules 

1998 Capsules 

Fish 

Fish 

Fish 

Fish 

Fish 

Fish 

Capsules 

Capsules 

Capsules 

Capsules 

Capstiles 

Capsules 

Bread . 

Multifoods 

Margarine 

1.75 - 

0.45 

1.95 

0.7 

0.8 

0.7 

1.5 

1.6 

1.8 

1.8. 

1.6 

1.1 

0.8 

1.5 

1.1 

(0.18 to 1.1 g/d) 

0.3 

1.4 

0.9 

;I9% 

-8% 

-1% 

-7% 

-16% 

-7% 

-25% (PPL 7) 

-17% 

-16% 

-33% . 

-20% 

-10% 

-21% (PP& -j 
-24% 

- 16-34% (depending < 
Phenotype) 

-17% 

-4% (PPL 7) 

-12% 

*Bold italic = statistically significant. PPL = postprandial lipeniia; 1 = lower on 03 FA 

l.AgrenJJ,Hamikn 0, Julkmm & ei al: Fish diet, ikh &I and docosahexaenoic acid rich oil lower 
fasting and postprandial plasma lipid levels. Euro J CZin Nufr 19!X@&765-771. _- 

2. Schaefer E.J, Lichte&einAH, Lamon-Fava S, et al: Effects of National Choksterol Education F’mgram 
Step 2 diets relatively high or relatively low in C&-derived fatty acids on plasma lipoproteins in middle- 
aged and elderly subjects. Am J Clin Nutr 1996;63:234-24 1. 

3. De Olive&a e Siba ER, Scidman CE, Tim JJ, Hudgins LC, Sacks FM, Breslow JL: Effkcts of shrimp 
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4. Fahm H, Hoefliu F, L&terburg BH, Peheim E, Levy A, Vischer TL: Diet and fatty acids: can fish 
substitute for tish oil? Cliu Expes Rheutu 1991;9:403406. 

5. Jaciques H, Noreau L, Moorjaui S: Effect on plasma lipoproteins and endogenous sex hormoxies of 
substituting lean white fish for other animal-protein sources iu diets of postmenopausal women. Am J Clin 
Nutr 1992;55:896901. 

6. Gerhard GT, Patton BD, Lindquist SA, Wander RC: Comparison of three species of dietary fish effects 
on serum concentrations of lowdensity-lipoprotein cholesterol and apolipoproteiu in notmotriglyceridemic 
subjects. Am J Cliu Nutr 1991;54:334-339. 

7. Brown AJ, Roberts DCK, Pritchard JE, Tmswell AS: A mixed Australian fish diet and fish-oil 
suppkmeutation: impact on the plasma lipid profile of healthy men. Am J Cliu Nutr 1990$2:825-833. 

8. Agreu JJ, Hauuiucn 0, Laitinen M, et al: Boreal Freshwater Fish Diet Modifies the Plasma Liiids and 
Prostanoids and Membrane Fatty Acids in Man. Lipids 1988;23:924-929. 

9. Fehily AM, Burr ML, Phillips KM, Deadman NM: The effect of fatty fish on plasma lipid and 
l l ipoprotein concentrations. Am J Clin Nutr 1983;38:349-351. 

10. Brown AJ, Roberts DCX Moderate Fish Oil Intake Improves Liic Response to a Standard Fat 
Meal: A Study in 25 Healthy Men Arterioscler Thromb 1991;11:457-466. 

11. Oosthuizen W, Vorster HH, Jerling JC, et al: Both Fish Oil and Olive Oil Lowered Plasma Fr’brinogen 
in Women with High Baseline Frbrinogen Levels. Thromb Haemost 1994,72:557-562. 

12. Valdini AF, Glemr MA, Greenblatt L, Steinhardt S: E5cacy of Fish Oil Supplenxntation for 
Treatment of Moderate Elevation of Serum CholesteroL J Fam Practice 1990;30:5559. 

13. Gans ROB, Bile HJG, Weersiuk EGL, et al: Fish Oil Supplementation in Patients with Stable 
Claudication.Am J Surg 1990;16&490495. 

14. Beil UF, Terms W, Orgass M, Greten H: Dietary fish oil lowers lipoprotein(a) in primary 
hypertriglyceridemia. Atherosclerosis 1991;9&95-97. 

15. Radack ICL, Deck CC, Huster GA: n-3 Fatty acid effects on lipids, lipoproteins, arid apolipoproteins at 
very low doses: results of a randomized controlled trial in hyperuiglyceridemic subjecta. Am J Clin Nutr 
l99@>1:599-605. 

16. Roche HM, Gihney MJ.: Postprandial triacylglycerohuzniaz the effect of low-fat dietary treatment with 
and without fish oil supplemem.ation. Euro J Clin Nutr 1996;503617-624. 

17. Den&e DM, Peters GR, Liuet 01, Met&r CM, Klott RAz.Effects of a fish oil concentrate in patients 
<with hypercholesterolemia. Atherosclerosis 1988;7&73-80. 

18. Schindler OS, Rost R Effect of low dose omega-3 fatty acid supplementation on plasma lipids and 
lipoproteins inpatients with coronary sclerosis and dyslipoproteinaemia. E Ernahr 199635x191-198. 

19. Saldeen T, Walliu R, Marklinder I: Effects of a small dose of stable fish oil substituted for margarine in 
bread upon plasma phospholipid fatty acids and serum triglycerides. Nutr Res 1998;18:1483-1492. 

20. Lovegrove JA, Brooks CN, Murphy MC, Gould BJ, Williams CM: &e of e foods 
enrichedwithtishoilsasamea&of’ ntcreasing long-chain n-3 polyunsaturated fatty acid intake. Br J Nutr 
1997;78:223-236. 
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21. Smensen NS, Marckmam P, Hay CE, van Duyvenvoorde W, Princen HMG: Effect of fish-oil-emiched 
margarine on plasma lipids, lowdensity-lipoprotein particle composition, size, and susceptibility to 
oxidation. Am J ClinNutr 19!98;68:235-241. 

Efficacy of n-3 PUFA and vitamin E in 11,324 post-MI patients: 

Results of GISSI-Prevenzione 

Roberto Marchioli, M.D. on behaIfof GISSI-Prevenzione Investigators. * 

Mario Negn’ Institute, S. Maria Ikbaro (Cm, Italy 

The protective effects of fish oil supplements and vitamin E have been long debated.. W ithin Months 
of a myocardial infarction, 11.324 patients were randomized to an n-3 polyunsaturated fatty acid 
(PUFA) supplement (lg daily), a vitamin E supplement (300 mg daily), both, or neither. Baseline 
therapy included antiplatelet therapy in 90% of patients, beta blockers in SO%, and angiotensin 
converting enzyme inhibitors in 50%. 

At 42 months follow up, patients who received n-3 PUFA had a significant 15% relative risk 
reduction in the combined rate of death plus nonfatal mycardial infarction and nonfatal stroke 
compared with those who did not receive n-3 PUFA (12.3% vs. 14.4% R= 0.001). By contrast, 
treatment with vitamin E caused a non significant 1 l%.relative risk reduction in the combined 
endpoint. All of the beneficial effects of n-3 PUFA were due to 21% reduction in the risk of death. 

There were no significant interactions between the two treatments. Both treatments were well 
tolerated. Gastrointestinal intolerance was the most commonly reported side effect. 

* The GISSI-Group (Grupp Italian0 per lo Studio della Soprawivenza nellhhrto) is jointly sponxmd by the - . 
Associazione Nazionale Medici Cardiologi Ospedalki (ANMCO) and by Istituto Mario Negri Consorzio Mario Negri 
sud. 
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Session IV. Relationship of Essential Fatty Acids to Saturated, 

Monounsaturated, and Trans Fatty Acids 

Relationships Between Saturated, Monounsaturated, Polyunsaturated Fatty Acids : Dietary 
Data vs. Data from Plasma Fatty Acid and Lipid Analyses 

Claudia Galli, M.D. 
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Institute of Ph&macd&ical Sciences, University of Milano, Milano, Italy 

Background 
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Plasma levels of individual fatty acids (FA), of FA classes and.of single intermediates in the 
metabolic series, are the result of diversified processes : intake with the diet, transport, uptake by 
cells and tissues, with the additional influence of metabolic processes (de novo synthesistor precursor 
- product conversion and retroconversion in the FA series, i.e. n-9, n-6, n-3). 

Determinants of nlasma fattv acids 

The relationships between major FA classes (saturates, SAT, monounsaturates, MUFA and 
polyunsaturated fatty acids, PUFA) in plasma lipids and the intake / synthesis from precursors, are 
rather different. In fact SAT and MUFA are synthesized de novo, besides being provided by the diet, 
whereas PUFA are exclusively supplied by the intake. In addition, long chain PUFA (LCP) of the n-6 
and n-3 series in plasma and tissues represent a combination of amounts produced through the 
endogenous conversion of the short chain polyunsaturated fatty acids (SCP), linoleic (LA) and a - 
linolenic (ALA) acids to the LCP, and amounts provided directly by the diet. While the tipathway, 
i.e, synthesis f?om SCP, is the only source of LCP in strict vegetarians, the combined ptiesses 
(intake + endogenous synthesis) take place in omnivorous subjects. It is however difficult to evaluate 
the relative comri.iutions of these two components, due.to the limited quantitative data on these 
“minor” individual LCP in foods. The assessment of LCP synthesis from SCP in individual’subjects 
represents also a difficult task 

Additional factors which contribute to determine the final FA profiles in plasma Lipids are : a. The 
different rates and degrees of esterification.of individual FA into lipid classes (phospholipids,.PL; 
cholesterol esters; CE; triglycerides,TG), as it emerges also from in vitro.studies with cultured cells. 
b. The positional selectivity in the incorporation of different FA classes iuto glycerol. SAT are almost 
exclusively incorporated into the l-position in cell PL and into the sn-l and 3 position of TG, 
whereas MUFA are predominantly and PUPA ahnost exclusively incorporated into the 2-position. 
The l-position is metabolically stable, whereas continuous replacement of FA takes place in the 2- 
position, through hydrolysis and reaQlation processes. FA which in the 2-position should therefore 
be more readily modulated by changes in the relative availability of MUFA and PUPA. This should. 
in turn result in a significant impact of theielative dietary intakes of these FA classes on the 
relationships between MUFA and PUPA in plasma lipids. In contrast, the intake of SAT should 
minimally afkct their relative levels in circulating lipids. 

Evalnations of FA relationships in plasma 

We have measured several relationships between FA in plasma lipids, with the aim to establish 

a 
possble correlations which could be of help in elucidating the processes governing the final plasma 
FA profile. 

FA distribution in plasma @ids 

00-11-16 
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The distriiution of individual FA in p&ma lipid classes (PL, TG, CE) in humans varies appreciably 
even among FA of the same class or metabolic series, as it is for instance shown in Table 1; Of the 
total circulating & the greatest proportion is associated with PL, followed by CE, and minimal 
amounts are found.in TG, whereas LA is mostly associated w$h CE, followed by PL and TG. Marked 
differences are found also in the distribution of DHA (mainly associated with PL) and EPA (largely 
associated with CE). These differences may affect the relative incorporation and exchanges of 
individual FA with cell lipids. 

Table 1. Concentrations and % levels of individual FA in plasma lipid classes in 20 women. 

% distribution 

FA ~&ml PL TG CE 

18:2 -125 34*6 lW5 562t9 

20:4 148k39 67*6 4*2 29=t7 

20:5 9.a3.9 575t12 ll&lO 31&U 

22:6 28.8zt9.8 8w 7k7 &3 

FA correlations 

Evaluation of the product/precursors relationships within the n-6 and rk3 FA series m Tanzanian . 
populations on low fat diets (7-12 en%), strict vegetarians (VD) and fish eaters (FD) ingesting 
relatively high amounts of AA and DHA (typical in tropical fish) revealed the following : in VD only 
good correlations are present in the n-6 pathway (from LA to AA and especially between DHGLA 
and AA), and between ALA and EPA, in the n-3 series,In,FD, siguificant correlations are found only 
betweeu LA and DHGLA in the n-6 series, and between EPA and DHA in the n-3. These findings 
will be discussed in the context of the contributions of the exogenous supply of preformed LCP (FD 
and omnivores, in general) vs that of the endogenous biosynthesis exclusively The correliitions in 
omnivorous I&n populations (~30 en % fat), are somewhat intermediatebetween those in the two 
Tanzanian populations. 

Evaluation of the correlations between SAT, MUFA and PUFA in the three populations at study, 
revealed that : a. there is no correlation between SAT and MUFA, weak but significant negative. 
correlations between PUFA and SAT (SAT vs PUFA : y--42.6-0.24x, r-0.535, p < 0.001 in Italians; y 
=48-0.38x, r-0.62, p4).001 in VD Tanzanianq y= 46.2-0.29x, r=O.47, p<o.OOl in FD T -ans), 
very strong negative correlations between MUFA and PUFA (MUFA vs PUFA : y=58.4-0.75x, 
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&Ok9 in Italians; y=53.8 - 0.71x, rO.80 in VD and y=51.9 - 0.62x, ti.79 -in FD).-These data 

0 
obt&ed in populations on diets with quantitatively and qualitatively very different fat contents, fit 
a~$ are in agreement with the hypothesis *at PUFA and MUFA compete for esterification, whereas 
this does not occur between SAT and MUFA. Additional relationships which will be discussed 
concern those behpeen n-6 and n-3 levels. These, in plasma, at difference with the situation in cellular 
lipids, do not appear to be reciprocally modulated. 

In a controlled clinical study with subjects on @caloric diets (25 en%. fat) with defined FA 
proportions (prudent diet, olive oil based diet and corn oil based diet) we have evaluated the 
relationships between dietary SAT, MUFA and PUFA as en% and the same FA classes as % of 
plasma FA. It appeared that differences in dietary SAT between 5 to 9.6 en% result in no diffkre+e 
in plasma SAT (% of total FA), whereas differences in dietary MUFA and PUFA result in 
proportional changes in the correspanding plasma FA. 

Additional evaluations on the relationships between levels of FA c&es as well as of individual FA, 
on one side, and plasma cholesterol and TG, on the other, reveal that correlations are present o@y 
with TG. 

In conclusion, the observation of select&l correlations among plasma FA, based on detailed analytical 
data, facilitates the interpretation of the dietary and metabolic relationships’ between FA and plasma 
lipids. 

. 

Nutritional and Metabolic Interrelationships Between Omega-3 Fatty Acids and Tr+ns Fatty 
Acids 

BmceJ Holub, Ph.D. 

University of &e&h, G&&h, Ontario, Canada A?lG 2 WI 

Much attention on the health concerns of current intakes of trans fatty acids (TFA) via fast tid _ 
processed foods has focused upon the potential for dietary DA to significantly increase the LDL 
cholesterol level while lowering HDL-cholesterol as well as . .mcmasing triglyceride and lipoprotein(a) 
levels in some studies. Epidemiological studies have indicated that TFA represent a major dietary risk 
factor for’cardiovascular disease (CVD) in the North American population. A lesser focus has been 
placed on the potential for dietary TFA to interfere with the convertiiility of linoleic acid and alpha- 
linolenic acid (a-LNA) to their longer-chain metabolic products. There is also evidence that TFM 
may impair early growth in humans by impeding desaturation/elongation r&&ions. Recent data f?om 
Health Canada (Ratnayake and Chen) has indicated that the&m TFA intake (as trans l&l) in 
Canadian adults represents 3.7% of total daily energy which is above recent estimated intakes of TFA 
for the US population (Allison et al, J. Am. Diet. Assoc., 1999). Young males in Canada (age 18-34 
years) have a mean trans-18:1 intake of 12.5 g/day with intakes as high as 39 &erson/day. One of 

. the richest sources of TFA in the Canadian food supply is breast milk tim mothers who show a 
mean content of total TFA representing 7.2% of total fatty acids (and up to 17.2”/o). Furthemore, the. 

0 
total TFk a-LNA ratio in Canadian breast milk is 6.2 to 1. These high ratios reflect the very high 
ratio of TFAzn-3 fatty acids in the diet of pregnant and lactating women. We have analyzed a wide 
variety of processed and fast foods in Canada (showing very high ratios of TFAzn-3 PUFA) ti.well as 
a wide variety of baby foods (cereals and biscuits) which, in many cases, show extremely high ratios 
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of TFAx-3 fatty acids. Foods containing hydrogenated vegetable oils which greatly-compromise the’. -_. 
n-3 fatty acids intake while enhancing the TFA consum#ion, as well as the~potential for TFA to’ 
interfere with the convertibility of a-LNA to docosahexaenoic acid @HA), likely accounts for the 

.. 
. _. 

lower DHA status in humans consumin g higher intakes of processed and fast foods containing TFA. 
Mandatory food labeling in North America for TFA and omega-3 fatty acids is needed to allow 
consumers to reduce the consumption of the former while increasing the latter. Such regulatory 
changes can be expected to enhance the physiological DHA status and related human health 
parameters beginning at conception. 

Choice of n-3, Moqounsaturated and Trans Fatty Acid-Enriched Oils 

for the Prevention of Excessive Linoleic Acid Syndrome 

Harumi Okuyama, Ph.D. 

F&ulty of Pharmaceutical Sciences, Nagoya City University, 

M&uhoku, Nagoya 467-8603, Japan 

Excessive linoleic acid intake and relative n-3 deficiency svndrome 

Animal experiments and epidemiological studies have revealed that excessive intake of linoleic acid 
(LA, n-6) is a major risk factor for cancers of western type, allergic hyper-reactivity, coronary heart 
disease (CHD) and cerebrovascular disease (CVD) (1). Although epidemiological studies performed. 
in the USA failed to reveal a positive correlation between LA intake and breast cancer mortality, this 
is probably because the proximate marker for breast cancer is the’proportion of n-6 eicosanoid 
precursors in phospholipids, which is saturated both in the high and low LA intake groups in the 
USA. Empirical equations presented by Lands indicate that both increasing the intake of n-3 fatty 
acids and decreasing that of n-6 fatty acids’are necessary for effectively decreasing the n-6 eicosanoid 
precursors in phospholipids and thereby decreasing cancer mortality. On the other hand, high n-6/&3 
ratio but not hypercholesterolemia has been proved clinically to be a majorrisk factor for thrombotic 
diseases. Over-production of inflammatory lipid mediators of n-6 series has been shown to be a major . 
cause for the rapid increase in allergic hyper-reactive patients in Japan 

President& Summary 1997 from the Ja$an Societv for Liiid Nutrition 
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-e After discussion through several annual meetings of the Japan Society for Lipid Nutrition, Presidents 
Summary 1997 was published (in Japanese) as a review article (J. Lipid Nutr. 6:5-42,1997), in which 
20% as total fat energy was recommended for those with moderate physical activity. For healthy 
populations, saturated plus monounsaturated : n-6 : n-3 = 2.5 : I 0.8 : 2 0.2 (n-6/n-3 I 4) was 
recommended. For the primary and secondary prevention of those diseases described above, an n-6/n- 
3 ratio of 2 was recommended. The latter value was based -ok 1) even the n-6/n-3 ratio of Danes was 
3 in a well known epidemiology of Greenland natives; 2) the ratio of current Japanese is 4 but the 
incidence of cancers of western type has been increasing rapidly, and the ratio of 4 or above cannot be 
recommended; 3) animal experiments have shown the effectiveness of decreasing n-6/n-3 ratio to 
below 2 for the suppression of carcinogenesis and metastasis; and 4) the safety of n-6/n-3 ratio of 1 
has been established in animal experiments and in a retrospective study on hunters and gatherersi 
foods. 

In order to .meet the recommendations described above, vegetable oils with n-6/n-3 ratios of 2 or 
below and those with very low n-6 fatty acid contents (e.g., high-oleic type) are useful. However, 
there was another criterion to be considered; the presence of minor components which affect animal 
physiology seriously. 

a - 
Survival time-shortening and renal iniury induced by some vegetable oils and n,artially hvdrogenated 
oils in SHRSP rats 

Using soybean oil as a control, some oils were found to prolong the mean survival time of SHRSP 
rats by ca 10% (e.g., DIM-rich fish oil, perilla seed oil, flaxseed oil) while some others shortened it 
dose-dependently by ca 40% (double-low rapeseed oil, evening primose oil, high-oleate safflower oil,. 
high-ok&e sunflower oil, olive oil and partially hydrogenated rapeseed and soybean oil). When the 
rapeseed oil was lipase-treated, the res$ing fke fatty acid traction was almost free of such activity, 
indicating that the survival-time shortening activity is due to minor components other than fatty acids 
in these oils. Free fatty acid fraction fkom partially-hydrogenated soybean oil exhibited a survival 
time between those of the original oil and soybean oil. It should be emphasized that lard, sesame oil 
and high-linokate sa.fIlower oil were relatively safe for the SHRSP rats. 

Those oils with survival-time shortening activity were found to cause renal injuru; lesions in blood 
vessels, accelerated proteinuria, decreased platelet count and elevated gene expression for TGFB, 
fibronectin and renin. 

Choice of n-3. monounsaturated and trans fat& acid-enriched oils 

In order to decrease the n-6/n-3 ratio of our current foods to 2 or below, the intake of high-a- 

m 
linolenate oils such as perilla seed oil and flaxseed oil as well as seafood and vegetables should be 
increased. High-linoleate oils are inappropriate for human use as foods. For deepfiying and 
preservation purpose, high-oleate vegetable oils are’useful but all the high-oleate vegetable oils and. 
hydrogenated vegetable oils we have examined so far exhibited the survival time-shortening activity, 
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. 
and I cannot recommend people to have these oils in large quantities. Instead, lard was .&fe f&F this 

a 

animal model, and could be used in quantities not to induce obesiv, animal fats as well as a high-LA 
vegetable oil intake caused insulin resistance in a NIDDM model of rats. . . 

Reference _ 

.Okuyama, H., Kobayashi, +J’., and Watanabe, S. (1997) Dietary fatty acids ii The n-6/n-3 balance and 
chronic, elderly diseases. Excess linoleic acid and relative n-3 deficiency syndrome seen ih Japan. 
Prog. Lipid Res. 353409457. 
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Session V. Dietary Recommenda&ons and Omega-Q:Omega-i ‘Ratio 

Intakes. of Dietary Fatty Acid in the United States: Results from the USDA’s 19944996 
* 

Continuing Survey of Food Intakes by Individuals 

G.J. Nelson, Ph.D. 

USDA, +RS, W&ern Human Nutrition R=earch Cents,’ Szn Francisco, i=alifornia 94129, USA~ 

The USDA has been conducting biennial f&. intake surveys for many years. In the more 

recent surveys individual fatty acid intakes were estimated from food composition data 

accumulated and published in the USDA Handbook 8, “The Composition of Foods.” In the 

compilation from the combined 1994 and’ 1996 surveys, the USDA has published data on 19 
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- , 
-m individual fatty acids in the US diet. Included are all the saturated fatty acids from C-4 to C-l 8, 

the monounsaturated fatty acids 16: 1,18: 1,ZO: 1, and 22: 1 and the polyunsaturated fatty acids 
j 

l&2, 18:3,18:4,20:4,20:5,22:5, and 22:6. I?he data is broken down by sex and age from less 

than 1 year to more than 70 and by percent of calories or grams per day. Although there are 

some age dependent trends in the consumption data, the majority of the population does not 

show significant differences between five and sixty years of age, and only slight differences due 

to sex. In the USA 11 percent of calories are consumed from saturated fat, 13 percent as 

monounsaturated fat, and 6 percent as polyunsaturated fat. Oleic acid is the preponderant 

monounsaturated fatty acid, and linoleic acid is the major polyunsaturated fatty acid. The USDA 

data for monounsaturated fatty acid presumably include trans isomers of monounsaturated fatty 

acids and are grouped together with 18: 1 fatty acids. Current calculations using the best 

m 
available estimated of trans fatty acid C-l 8 isomers in the foods consumed by the US population 

suggest that the actual consumption of trans configuration fatty acids is 3 percent and 

cis-monounsaturated fatty acids is about 10 percent. The saturated fatty acid category exhibits a 

broader distribution of fatty acids consumed than that observed for the unsaturated fatty acids, 

12:0,14:0,16:0 and 18:O all contribute significantly to the fat calorie intake in the US - 

population. Pahnitic acid accounts for 20 percent of fat calories’and stearic acids about 9 

percent. Of particular interest to this workshop is the intake of long-chain polyunsaturated fatty 

acids, especialiy those with twenty or more carbon atoms in the fatty acid chain. Unfortunately, 

the USDA data contain relatively little information on this topic. Due to the nature of survey 

information and the sparsity on information regarding long-chain polyunsaturated fatty acids in . 

the food composition data from which the tables are prepared, no detailed view of the intake of 

m 
omega-3 fatty acids can be made, The data do show that the US population consumes 

approximately ld times the amount of omega-6 fatty acids as omega-3 (the ratio is 0.11 n3/n6), 
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a but it is probable that the USDA data underestimated the omega-3 intake: & terms of grams per 

day the mean intake of linoleic acid plus arachidonic acid is 13.0 while the intake of a-linolenic 

acid plus docosah&aenoic acid is 1 S. The ratio of docosahexaenoic acid to arachidonic is, 

however, 1 (0.1 to 0.1 grams per day). As it is not possible to demonstrate an omega-3 fatty acid 

deficiency in the US population, the intake of 2 grams per day of omega-3 fatty acids must be at 

least the required daily intake when the intake of omega-6 is 20 grams per day. Of course, 13 

grams per day of omega-6 fatty acids are likely to be considerably more than the required daily 

intake. Evidence from animals, and limited human data, suggests that the required daily intake is 

likely to be less than 5 grams per day (2 percent of calories). Whether the required daily intake 

of omega-3 fatty acids would be less if less omega-6 fatty acids were being consumed is 

unknown. If the total fat intake is reduced, it may be necessary to increase the intake of omega-3 

0 
fatty acids to avoid omega-3 fatty acid deficiency. Neither the USDA nor the federal .. 

Government have a recommendation for the DRI of polyunsaturated fatty-acids presently. It is 

unlikely that a single amount could be recommended for all age ranges. The requirement for 

omega-3 fatty acids will probably be age dependent. Whether there is an absolute requirement 

for polyunsaturated fatty acids with twenty or more carbons in the chain remains to be 

determine 

World Health Organization/Pan American Health Organization 

(Status of EFA Worldwide) 

iUgtue1 Peiia, M.D. . 

Pan American Health Organization, Washington, DC, USA 

a The three main nutritional problems in the world are protein-energy malnutrition (Pm,. 
micronutrient deficiencies (iin, vitamin A, iodine and folic acid) and overweight/obesity. 



Workshop on the Essentiality of Omega-6 and Omega-3 Fatty Acids . Page 37 sur 59 

- 
a Stunting is the most’common expression of PEM, but other forms of PEM are equally frequent * 

among children below two years of age and child-bearing women. 

Iron deficiency is the most widespread nutritional problem. Vitamin A and iodine deficiency showed 
a declining trend during the past years as a result of supplementation and fortification strategies, 
carried-out in countlies. 

Obesity is increasing worldwide at an alarming rate in both developed and developing cormtries. This 
situation is associated with rapid changes in dietary patterns and lifestyles. 

Data Tom several countries show relatively high prevalence of obesity, particularly in women fi-om 
poor urban areas. Furthermore, a sharp increase in morbidity and mortality rates due to nutrition- 
related non-communicable diseases has been reported. 

One of the most important factors underlying this scenario among low so&-economic groups is the 
increase in energy intake associated with higher fat and refined carbohydrate consumption 
accompanied by a low iron, zinc, and folic acid intake. 

Very little information exists on quality and composition of fats by low social-economic groups in the 
majority of countries. 

Information in this area is of utmost importance to guide the selection and consumption of healthy 

0 
diets as part of the Health Promotion strategy of PAHO/WHO. 

n-3 Fatty Acids: Food Supply, Food Composition and Food Consumption Data 

JRliiant D. Clay, Ph.D. and Barbara Burlingame 

Nutrition Programmes Service Food and Nutrition Division, 

Food and Agriculture Organization of the United Nations, Rome, Italy 

Food supply data, food composition data, and food consumption data provide a fundamental basis for 
assessing the health and nutritional adequacy of individuals and populations. FAO has the UN 
mandate for these activities, and regularly produces Food Balance Sheets (FBS); which provide food 
supply data, including selected nutrient values. This paper will highlight estimates of available n-3 
fatty acid containing foods from around the world. Most commonly, the nutrient data Corn FBS are 
expressed only in terms of energy, protein and fat. These international “default” nutrient values are 
being revised and the list of nutrients is now being expanded to include several micronutrients. In 
1998, the cereals group was completed; and in 1999 the fish.group will be revised. Under discussion 
is the possrbility of including fatty acids and/or n-3 fatty acids as a special nutrient category for the 
fish group. Food composition activities in FAO come under the auspices of the FAO/UNU . 

a 
INFOODS project. We are providing assistance in all technical aspects of food composition. More 
and more frequently, fatty acids are included among the nutrients shortlisted by countries for : 
inclusion in their national and regional food composition databases and tables. The inclusion of fatty 
acids is based on requests from the countriesi users and potential users of food composition data, and 
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the cotmtriesi diet-related morbidity and mortality statistics. Commomy used laboratory instruments 
(gas chromatographs), well-defined analytical methodologies, and thi.availability of primary and 
secondary reference materials and standards, make analysis of n-3 fatty acids a routine activity for 
many laboratories. Data on n-3 fatty acids are now being generated, compiled and disseminated in 
many countries, including many developing couutries. Sources and quantities of n-3 fatty acids will 
be presented. Food consumption data are routinely used, along with food supply data and food 
composition data, to establish food security at household, district and national levels. FAO prepares 
Nutrition Country profiles, which to date have not included assessment of n-3 fatty acids. However, 
now that acceptable quantities of high quality n-3 fatty acid data are becoming available fkom food 
composition laboratories, n-3 values can be incorporated into supply data, and food consumption 
studies will in the next few years be capable of reporting the n-3 fatty acid consumption in the 
assessments of food security. 

BASFis Approach to Commercialization of Long Chain Omega-3 .Fatty Acids 

Herbert D. Woolf: Ph.D. 

BASF Corporation, Mount Olive, New Jersey, USA 

The goal to deliver omega-3 fish oils without adverse taste, odor and to prevent oxidative degkation 
has been a formulation objective. Utilizing spray-cooling technology for microencapsulating highly 
refined, deodorized and stabilized fish oils has proven to be successful in regard to producing 
powdered products that can be used to formulate fish oiis into most all conventional food forms. 
Formulated food products, such as pastas, cereals, and even beverages, can be formulated with 
microencapsulated fish oils at levels of about 100 mg LCPUFAs per 100 gram product without a 
detection of their inclusion. 

The powdered microencapsulated product has been evaluated in clinical investigations to confirm its 
equivalency to the bioavailabihty of oils. Studies are being conducted to establish the productis use in 
formulated food form to deliver meaningful amounts of omega-3 fatty acids to pregnant women and 
ultimately to their breast fed infants. 

BASF is enhancing its activities to educate and promote the incorporation of long chain omega-3 .- 
fatty acids to the food iudustry in a variety of ways: participating in the scientific commun.ity by 
funding studies and providing test materials, developing educational materials for health care 
providers as well as retailers and the consumer, promoting the use of omega-36 through 
advertisements and public relation activities, and developing a trademark to help draw attention to the 
incorporation of a unique food ingredient. 

BASF will continue to supporttrade and professional associations working &wards the establishment 
of Dietary Reference Intakes and health claim allowances. 

a 

Essential Fatty Acids and tlk Products of the Groupe Danone for Human Nutrition 

00-11-16 . 
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Groupe Danone, Centre Jean Zkves, Athis Mans, FRANCE 

- Recent evaluatiod on the intake of fat in France show it to be in the range of 38 % of total calories :, 
50% of that fat is hidden in raw materials (27 % in meat and fish, 17 % in dairy products, 6 % in fruit 
and vegetables). The other 50% of the lipids consumed are added directly to the recipes; 30 % by the 
consumers themselves (butter, margarine, oil), 20 % by the food industries (meal, sausage,. 
biscuits@. Nevertheless, in recent years the intake of fat appears to be on the decline. 

a In an ongoing prospective study on 15,000 French people, it has been found that saturated fatty acids 
supply 17 % of calories, mono-unsaturated 14 % and polyunsaturated 6 % : 

Women 

Snvhaxi998 
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The ratio n-6/n-3 iatty acids is probably in the range of 15-20. 

Over the last 30 years, recommendations have been changing in relation to the type of fa’tty acid to be 
included in the human diet and the total amount of fat sugge&d. The Danone group has been closely 
following this trend and has tried to adapt its products to the recent recommendations. 

_ --_---_ 
El 

-. _--.------.. -___ -.--.-..-L.:------ _________ . --___ 
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Trend in recommendations in fatty acids ratio : Danone approach 

The present conclusion in France is that the population consumes too much saturated fat as weil as 
too much n-6 polyunsaturated fatty acids. 

Thus, the food industry has to change the fatty acid composition of its products to readjust the intake 

a 
of fatty acids in the French population. Instead of using butter, tallow or different oils, canola can be 
utilized Canola oil is a typical example of a fat containing a small amount of saturated fatty acids, 
and supplying both n-6 and n-3 polyunsaturated fatty acids in a proper ratio to counterbalance the . 
fatty acid intake from meat, dairy products and other sources; 

Thus, it seems fundamerkl that the experts in nutrition express clear recommendations in the field of 
fats and fatty acids, in relation to public health, since we, the food industry, will follow their 
recommendations. 

Advantages and Disadvantages of the Use of Flax Seed as a Soarce of Omega-3 

Paul A. Stitt, 

Enreco, Inc. P. 0. Box 730, Manitowoc, Wuconsin 54221, UZ?A 

Flax seed is presently being used worldwide as a source ofdmega-3 in hiunan and companion. 
animalsi diets. History of the use of flax seed as food for humans goes back 2,000 years. Flax seed 
has several distinct advantages and disadvantages as a source of Omega-3. 

0 Disadvantages of flax seed include such factors as: 

1. Presence of “Anti B-6” factor. 

00-l 1-16 
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2. Presence of Cyanogenic Diglycosides. 

3. Unstable after being ground. 
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4, Contains only ihort chain Omega-3. 

Advantages of flax seed include such factors as: 

1. High concentration of alpha-linolenic acid. 

2. Presence of powerful anti-oxidants in some varieties. 

3. Presence of high levels of soluble and insoluble fiber. 

4. Presence of high levels of lignans that have anti-estrogenic properties. 

5. FDA states, “no objection” as a food. 

6. Desirable flavor in most foods. 

Omega-3 LC-PUF’A - from a Health Concept to Foqds in.the Shelves 

R Mu&i,, Ph.D., 

F. Hofiann-La Roche Ltd’, CH-4070 Basel, Switzerland 

Incorporating long-chain polyunsaturated fatty acids (LC-PUFA) into the diet, continues to be a topic 
of interest among food manufacturers. Nutritionists believe that addition ‘of omega- 3 LC- PUFA - 
eicosapentaenoic acid (EPA) and docosahexaenoic acid @HA) - to the diet would result in better 
nutrition and assist m chronic disease prevention. General scientific opinion appears to be that as 
little as ZOO-1000 mg of EPAIDHA may achieve this dietary goal. 

The refining technology for marine oils has advanced to the ‘degree that, with due care, careful- 
handling and proper precautions, it is now possible to produce. a variety of foodstuffs fortified with 
omega-3 LC-PUFA that taste as good as similar, unfortified products. 

At the forefront of developments are infant formula and baby follow-on food in Europe and the Far 
East. In addition, breads, margarines (or other low-fat spreads), UHT milks, yogurts, fiuit juices and 
beverages have started to enter the mainstream in Europe. Niche products such as soups, salad 

a 

dressings, mayonnaise, ice tea chinks, cakes, biscuits and the restoration of omega-3 LC-PUFA to 
canned seafood and tuna are being launched. 

Despite of this growing list, many food manufacturers are still reluctant to develop products fortified 
with omega-3 LC-PUFA due to the following non-technical barriers: 

00-l l-16 
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Recommendations: There are no officially recognized intake 
recommendations for omega- 3 LC- PUFA. The food 
manufacturer has no standard of reference for the nutritional 
value or dietary fortification levels of omega-3 LC-PUFA. 

Claims: No product label or health claims are permitted by the 
FDA and other regulatory authorities, which makes it extremely 
difficult to market a food with omega-3 LC-PUFA. 

Safety: There is an unwarranted fear of allergenicity and the 
possible effects of omega-3 LC-PUFA on bleeding and insulin 
resistance. There- are numerous reports that such adverse 
reactions do not occur even at the maximum dosages of omega- 
3 LC-PUFA which are considered to be health beneficial (l-2g). 

Awareness: The awareness about the health benefits of omega-3 
LC-PUFA is generally poor among consumers. The closing of 
this knowledge gap is made difficult by the bewildering number 
of and sometimes complicated names for the family of omega-3 
LC- PUFA and its members e.g. .PUFA, HIJFA, n- 3 LCP, 
omega- 3 LC- PUFA, EPA, DHA, eicosapentaenoic acid, 
docosahexaenoic acid. 

To make omega-3 LC-PUFA a standard food ingredient it is imperative that food industry ~suppliers, 
food manufacturers and professional organizations (such as ISSFAL) work hand in hand to remove 
these obstacles by providing authorities, health professionals and the public with truthful,. 
scientifically valid information about the health benefits of omega-3 LC-PUFA. 
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Infant Formulas 4th no DHA or ARA. Are They Causing F&m? 

DavidJ. Kyle, Ph.D. 

Martek Bioscz2nce.v‘ Corporation, Columbia, Marylahd, USA 

Ov& the past twenty years t&re have b&en a large number of retrospective studies comparing the _. 

a 

neurological outcome of breast-fed and formula-fed infants. A recent meta-analysis of the most 
relevant of &se studies has indicated that there is a consistent 3-4 IQ point advantage to the breast- 
fed infants even after the c&&iiutions of $1 other c&founding factors had been removed. Breast-fed 
babies, however, are getting many nutrients fiom the breast milk in addition to docosahexaenoic acid 
@HA) and arachidonic kid (ARA) and many have argued that the contriiution of DHA and ARA is 
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inconclusive. One observation, however, is very clear and consistent. Infants who are-provided 

0 
standard infant formula have significant deviations in their blood and brain biochemistry relative to 
the breast-fed babies. Full term infants fed unsupplemented formulas have a circulating DHA status 
(as indicated by red blood cell or plasma phospholipid DHA levels) of less than one-half that of the 
breast-fed infant. Furthermore, the brain DHA levels of formula-fed infants are about one-third lower 
than those of 

breast-fed infants. 

Since some groups have also argued that such changes in the blood and brain biochemistry in the 
formula-fed infant is irrelevant, it has been critically important to more fully understand the function 
of DHA in the tissues of the body. Recent studies have revealed that DHA has many critical functions 
in the normal development and metabolism of neuronal cells. These include, but are not liited to, 
the following: 1) the control of normal migration of neurones from the surface of the ventricles of the 
brain to the cortical plate during development; 2) the control of the normal resting potential of the 
neurone by regulation of sodium and calcium channels, 3) the regulation of the density of certain 
membrane proteins such as rhodopsin in the retina and, possibly, 4) the regulation of levels of certain 
neurotransmitters such as serotonin. W ith such key roles in normal neuronal development and 
function, it is quite plausible that abnormally low levels of this primary nutrient during the 
development of the brain may be one cause of the long term neurological detriments observed in 
formula-fed infants relative to breast-fed infants. 

The final proof of the importance of DHA in early infant nutrition, however, comes not from 

a 
demonstrating that the long term neurological outcome of formula-fed infants is poorer than breast- 
fed infants, or that this poor outcome is correlated with a DHA deficiency early in life, but from 
interventional studies which demonstrate that when the DHA deficiency is removed, the neurological 
outcomes revert to normal. There have been at least 24 well-controlled studies involving over 2,000 
infants in the last 15 years (12 studies with term infants and 12 studies with pre-term infants) which 
have compared outcomes of standard formula-fed infants with DHA-supplemented formula-fed 
infants. In every study the DHA status of the infants was returned to normal (as de&d by the DHA 
status of the breast-fed infats) when the formulas were supplemented with DHA. In all of these 
studies, except where fish oil was used as a source of DHA, the ARA levels were also normalized _ 
because of the use of supplemental ARA in the formulas. In several studies, precursors such as 
gamma-linolenic acid (GLA) or alpha-linolenic acid (ALA) were added to the formulas in an attempt 
to elevate ARA or DHA levels respectively. Even when added in significant excesses over what is 
found in breast milk however, these precursors did not elevate the DHA and AIU levels to those of . 
the breast-fed infant. That is, the.precursors do not adequately substitute for the preformed DHA and 
ARA provided in mother-Is milk. Of all the trials completed with DHA/ARA supplementation, single 
cell oils (SCOis) were used with the largest numbers of babies (45% with SCois, 35% with egg yolk; 
and 20% with various fish oils). 

Of the 24 DHAMRA supplementation studies mentioned above, only 12 looked for functional 
outcomes difTerences (i.e., visual, neurological, or developmental assessments). Seven of those 12 
studies reported statistically significant deficits in standard formula-fed babies compared to breast-fed 
babies (the gold standard). In all 7 cases, those deficits were normalized with the DHA/AlM 

@ 
supplementation Of the remaining 5 studies, no statistically signifi@nt differences could be found 
between formula-fed and breast-fed babies using the test metrics employed in those studies and, 
therefore, no effect of DHAIARA supplementation was observed. 

00-11-16 
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l The totality of these observations provide strong evidence that DHA is a critical nutritional 
requirement for thenewbom infant and that an early deficiency of DHA could lead to long term 
neurological deficiencies. Given our present state of understanding, it is quite possible that the lack of 
availability of DHA and ARA-supplemented infant formulas in the United States and Canada today 
may be putting formula-fed newborn babies at risk. Since the only way that newborn babies in the 
United States and Canada can get DHA and ARA today is from their mothetis milk, we must use our 
best efforts to encourage new mothers to nurse. their babies for as long as possible to avoid potential _ 
long term neurological deficits to the child 

Clinical Safety Studies of LCPUFA Supplementation of 

Premature and Term Infant Formulas 

Deborah A. Diersen-Schade, Ph.D., James W. Hansen, M.D., Ph.D., 

Kimberly L. Me&l, and Che@ L. Ham-s 

Mead Johnson Research Center, Evansville, Indiana, USA 

Introduction: Many studies support a need for long chain polyunsaturated fatty acids (LCPUFA), 

a 
and particularly docosahexaenoic acid @HA, 22:6n-3), for optimal retinal and neural development in 
early infancy. Human milk contains LCPUFA, including DHA and arachidonic acid (A&A, 20:4n-6), ’ 
but U.S. infant formulas do not. We have now completed two of the largest clinical trials of LCPUFA 
supplementation, one with very low birth weight infants~and a second with healthy full term infants. 

Premature Infant Study: DHA supplementation has been shown to enhance visual development of 
preterm infants, but some studies found decreased growth when DHA was provided without ARA. 
Objectives: (1) To establish the safety of feeding DHA and A.&I from single cell oils to preterm 
infants and (2) to determine effects on visual acuity. Design: In a double-blind, controlled, multi-- 
center trial, 194 preterm infants were randomized to preterm formulas differing only in fatty acid 
content: no DHA or ARA (control), 0.15 % (of energy) DHA, or 0.14 % DHA + 0.27 % ARA.. 
Preterm formulas were fed for at least 28 days; all preterm infants then received unsupplemented term 
formula. Ninety breast-fed term infants were enrolled as a reference group. Results: Growth 
suppression was not seen in the DHA or DHA+ARA groups; in fact, post-hoc analyses indicated that 
weight gain of DHA+ARA infants was significantly enhanced compared to control. Weight of 
DHA+ARA infi+s was not different &om breast-fed term infants at 48 and 57 wk postmenstrual age 
(PMA), but weight of control and DHA infants remained significantly less than breast-fed term 
infhnts through 57.wk PMA. There were no significant differences between preterm groups in 
incidence of serious adverse events, NECYsuspected NEC, or sepsis/suspected sepsis. Visual acuity 
determined by Teller Acuity Cards (TAC) at 48 and 57 wk PMA did not differ among preterm 
groups. Conchsions: Single cell oils are safe for use in preterm infant formulas to provide DHA and 
ARA at human milk levels. Providing DHA plus ARA enhances catch-up growth of premature 

.# infants;however,supplementationfor28daysdidnotaffectTACacuity3and5monthslater. 

Term Infant Study: Studies of LCPUFA supplementation of formula-fti term infants have shown 
equivocal effects on visual and cognitive development, but several recent studies with typical human 
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milk levels of DHA have found beneficial effects. Because term formulas may be fed for a full year, 
the safety of LCPUFA supplementation over this time period must be established. Objectives: (1) To 
establish the safety of feeding DHA from single cell and fish oil sources, each in combination with 
ARA from single cell oil, to term infants to a year of age and (2) to evaluate effects .of supplemented 
formula on visual acuity and mental and psychomotor development Design: In a double-blind, multi- 
center trial, 383 term infants were randomized to formulas differing in fatty acid content: no 
LCPUFA (control), 0.15% (of energy) DHA and 0.3% AM f?om single cell oils, or 0.15.% DI-IA 
from fish oil and 0.3% AIM fkom single cell oil. Results: Weight gain from day 14 to days 60 or 120 
was not significantly less in supplemented groups compared with the control. Furthermore, post-hoc 
analyses indicated that supplemented infants had larger growth rates than control infants from 14 to 
60 and 120 days. No differences were observed in mean weight, length or head circumference at 180, 
270, or 365 days; in formula acceptance and tolerance; or in incidence of serious adverse events. No 
differences were observed in visual acuity (TAC) at 120,180, and 365 days or in Bayley MD1 and 
PDI scores at 365 days, although Bayley scores were somewhat higher in supplemented groups than 
in the control. Conclusions: DHA from single cell oils and AM from single cell oil are safe for use 
in term infant formulas when fed at human milk levels for a full year. Supplementation with DHA - 
and ARA increased early growth of term infants, similar to our findings with pretenn infants, but did 
not significantly affect TAC acuity or mental or psychomotor development. 

Overall Conclusions: Our large clinical trials, along with numerous other clinical and toxicology 
studies, demonstrate the safety of adding typical human milk levels of DHA and ABA to both 
premature and term infant formulas over the time periods these formulas are typically fed. While our 
trials did not find significant benefits of LCPUFA supplementation for visual and cognitive 

a 
development, we did find increased growth in both premature and term infants supplemented with 
DHA plus ABA. This increased growth may be particularly important with regards to enhancing 
catch-up growth of infants born prematurely. 

Ome& Long Chain PIJPA il Closing the Nutritional Gap 
. 

J. Bow&au 

Ocean Nutrition Canada Ltd, 757 Bedford Highway, Bedford’, Nova Scotia 

Significant research shows that the populations of many industrialized nations, including the U.S., 
consume significantly lower levels of omega-3 long chain PUFA than science shows is required for 
~maintaining good health. There needsto be a concerted effort by industry, government and the . 
scientific community to ensure that this nutritional gap is eliminated. 

Trends - The Time to Act is Now 

There is significant momentum and steam building that highlights the need for a cooperative effort in 

a. 
ensuring that the populations benefit t?om the improved science and manufacturing capabilities now 
in place. 

Some of the important trends taking shape include: 

00-l 1-16 
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l ? The improved manufacturing capabihties that permit the fortification of good tasting, stable 
food products as seen in many parts of the world; 

? The ability to manufacture highly concentrated oils that can be delivered as adjunctive 
therapies; 

? The increasing awareness (54% - Applied Biometrics, October 1998) of consumers with 
respect to the health benefits of omega-3 that now needs to be converted into usage; 

? Improved collaboration between industry and science; : 

? Improved science showing the benefits of increased consumption of omega-3 LC-PLJFA. 

Steps to Success 

In d&r to ensure that consumers benefit from the science, it is going to be essential that officially 
recognized intake levels are set for omega-3 LC-PUFA. Omega-3 LC-PUFA will not gain mass; 
market acceptance or incorporation into standard food channels until the manufacturers have an 
officially recognized reference point and/or the ability to make an approved health claim. 

Key steps to success: 

a ? Establish officially recognized intake recommendations for omega-3 LC-PUFA that 
manufacturers can reference on the label; 

? An FDA-approved health claim for omega-3 LC-PUFA with reference to cardiovascular 
health and triglyceride lowering; 

? A better understanding of the correct omega-6 to omega-3 ratios and the upper and lower 
limits based on age and health status; 

? The standardization of analytical methods to ensure consumers and industry are able to make 
true product comparisons against the science; 

? Quality standards enforced to ensure that consumers are not exposed to substandard product 
with contaminants or &dative problems.. 

To make omega-3 LC-PUFA a standard food ingredient, the time to act isnow. We need to fohn 
partnerships between industry suppliers, food manuf~turers, professional organizations and the 
government The goal is to utilize the present market conditions in an effort to ensure that consumers 
are given the best opportunity at better nutrition through the proper balance and total consumption of 

. omega-3 LC-PUFA. 

0 Safety of Omega-3 Products Based on Fish Oil as Starting Material . 

Marten Bryhn, M.D., Ph.D. and Bjom Rene 

00-l 1-16 
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a Pronova Biocare, Sande$ord, Nonmy 

: 
Pronova is the largest producer of omega-3 products in the world today with products ranging from’ 
pharmaceuticals viamedium concentrated food supplements to refined crude fish oil. 

Convincing monitoring of safety is only possible in controlled clinical studies, preferably by ~so-called 
Good Clinical Practice studies. The present database of patients in controlled studies on active 
treatment comprises more than 9000 individuals mainly in long-term studies of more than one year, 
60% more than 3.5 years. This study population consists of patients with chronic diseases related to 
the cardiovascular and renal system but also diabetics with age ranging from early adolescence up to 
70 years and more. 

Today we have no report of serious adverse effects, whatsoever. Even if bleeding time has been, 
prolonged with omega-3 products, there are no reports of serious bleeding events even in patients on 
concomitant medication with Aspirin or Warfarin. Adverse effects are seen in lo-20% of the patients 
in studies mainly originating from the GI tract. Eructation of fishy taste is the most common finding. 
Interestingly, the frequency of eructation is the same in the placebo group receiving corn oil as in the 
active treatment group indicating that eructation is a function of ingesting oil in general. Studies 
including diabetics with a total number of approximately 1500 patients have not shown derangement 
of diabetic control. Patients with chronic renal disease, renal failure and even transplanted patients on 
chronic cyclosporin medication have not shown any systemic adverse effects but rather an 
improvement of renal function. In studies on pregnant women there have been no bleeding 

a 
complications and the amount of bleeding during labour has not been significantly different from 
controls. 

The regulatory authorities in countries like the US and several EU countries have examined the safety. 
file of the pharmaceutical, Omacor, and there have been no major objections. Omacor is a registered 
pharmaceutical in several IXJ countries and an application for an NDA in the US is planned for later 
this year. At the recent American College of Cardiology meeting in New Orleans, the results of GISSI 
Prevention were presented. This is a study including 11,324 post-MI patients comparing lg of 
Gmacor, vitamin E and the combination with a control group. All patients were optimally treated i 
with aspirin, beta-blockers, statins, etc. The Chnacor group but not vitamin E showed a 20% reduction 
of mortality, and treatment was very well tolerated. Conducted by the prestigious Mario Negri 
Institute of Milan, Italy, this study is the most important documentation of efficacy and safety for any 
omega-3 product in the world today. 

An intcrcsting adverse report from one patient on omega-3 treatment in Houston, USA was an “urge 
to swim”. We take this more as a joke but we would like to use this metaphor claiming that products 
using fish oil as starting mater-i&and therefore containing both EPA and DHA, are the state-of-art 
today and based on a natural dietary principle and accepted by regulatory authorities as safe during 
long term use. Pure DHA products are expensive and the DHA content will readily be &m-converted 
to EPA in humans to meet metabolic needs. Mechanistic studies on separate effects of EPA or DHA 
will have to be conducted in in vitro systems but the results will have only minor impact on therapy 
traditions using omega-3 products introduced today. 

In conclusion, Pronova, as the worldis largest producer of omega-3 products using fish oil as starting 
material, holds the largest database on safety as well as efficacy in patients and healthy individuals 
today. These products are regarded as safe when used either aS pharmaceuticals, food supplements, or 
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in fortification of food products. 
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