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A B S T R A C T  

Background: Leukotriene inhibitors and leukotriene-receptor antagonists are ef- 
fective in the treatment of inflammatory diseases such as asthma. A search of the 
entirety of MEDLINE using the terms diet plus leukotrienes identified numerous 
studies that have explored dietary-management strategies to reduce leukotriene 
levels through supplementation with polyunsaturated fatty acids such as gamma- 
linolenic acid (GLA) and eicosapentaenoic acid (EPA). However, the search found 
no studies on the use of combinations of these fatty acids in patients with asthma. 

Objective: The goal of this study was to determine the effect of daily intake of 
an emulsion (PLT 3514) containing dietary GLA and EPA on ex vivo stimulated 
whole blood leukotriene biosynthesis in patients with atopic asthma. 

Methods: This was a randomized, double-blind, placebo-controlled, parallel- 
group, prospective trial in patients with mild to moderate atopic asthma. Patients 
consumed 10 g PLT 3514 emulsion (containing 0.75 g GLA + 0.5 g EPA), 15 g 
PLT 3514 emulsion (containing 1.13 g GLA + 0.75 g EPA), or placebo (olive oil) 
emulsion daily for 4 weeks. Plasma fatty acids were measured by gas chromatog- 
raphy, and stimulated whole blood leukotrienes were measured by reverse-phase 
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high-performance liquid chromatography with ultraviolet detection using a diode 
array detector. 

Results: Forty-three patients (33 women, 10 men) participated in the study 
Leukotriene biosynthesis was significantly decreased in patients consuming 10 or 
15 g PLT 3514 compared with placebo (P < 0.05, analysis of covariance). No clin- 
ically significant changes in vital signs were observed throughout the study, and 
there were no significant between-group differences in treatment-emergent ad- 
verse events or mean clinical laboratory values. 

Conclusion: Daily consumption of dietary GLA and EPA in a novel emulsion 
formulation inhibited leukotriene biosynthesis in this population of patients with 
atopic asthma and was well tolerated. (Clin Ther: 2003;25:972-979) Copyright 
0 2003 Excerpta Medica, Inc. 
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I N T R O D U C T I O N 
Leukotrienes are a family of lipid mediators of inflammationl,* formed by the ini- 
tial conversion of arachidonic acid (AA) to leukotriene (LT) A4 by the enzyme 
5lipoxygenase (S-LO). The potent inflammatory properties of this class of com- 
pounds, which includes LTB,, LTC,, LTD,, and LTE,, make the leukotrienes an 
obvious pharmacologic target in the treatment of a number of inflammatory dis- 
eases, including asthma.3-5 Two general approaches have been taken to anti- 
leukotriene therapy: competitive inhibition of cysteinyl-leukotriene (cys-LT) re- 
ceptors and inhibition of leukotriene biosynthesis by blocking 5-LO activity Two 
drugs that inhibit the cys-LT, receptor-zafirlukast and montelukast-have been 
marketed in the United States; zileuton is the only marketed drug that blocks 
S-LO activity 6-8 However, administration of zileuton has been found to result in 
severe elevations in liver enzymes in some patients, thereby decreasing its use- 
fulness in clinical medicine.8 

In addition to pharmaceutical inhibition of 5-LO activity, control of leukotriene 
biosynthesis can be achieved by dietary management through supplementation 
with polyunsaturated fatty acids (PUFAs) such as gamma-linolenic acid (GLA), 
which can be metabolized to compounds that inhibit leukotriene biosynthe- 
sis.9-14 A search of the entirety of MEDLINE using the terms diet plus leukotrienes 
identified numerous studies that have explored dietary-management strategies to 
reduce leukotriene levels through supplementation with PUFAs such as GLA and 
eicosapentaenoic acid (EPA). However, the search found no studies on the use of 
combinations of these fatty acids in patients with asthma. 

A dietary emulsion formulation (PLT 3514) containing the PUFAs GLA and 
EPA has been developed that reduces the capacity for leukotriene biosynthesis in 
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healthy subjects (see the companion paper by Surette et al in this issue). In the 
present study, this dietary emulsion was administered to patients with mild to 
moderate atopic asthma to assess its safety profile and effectiveness in reducing 
leukotriene synthesis in this population. 

PATIENTSAND METHODS 
This trial was conducted at the General Clinical Research Center (GCRC), Wake 
Forest University Medical Center, Winston-Salem, North Carolina. The protocol 
was approved by internal and external institutional review boards, and each pa- 
tient gave written informed consent before entering the study 

Study Design and Procedures 
This was a randomized, double-blind, placebo-controlled, parallel-group, prospec- 

tive trial in adult patients (age 15-65 years) with mild to moderate atopic asthma. 
All patients had a diagnosis of asthma for 21 year and controlled their symptoms 
with beta-agonists and/or theophylline only They also had a positive result on the 
methacholine challenge test, as indicated by a PC,, (provocative concentration re- 
quired to produce a 20% decrease in forced expiratory volume in 1 second [FEV,]) 
<8 mg/mL, and an FEV, >70% of the predicted value. No patient could have taken 
inhaled or systemic steroids for 24 weeks before study enrollment. Use of inhaled, 
intranasal, and systemic corticosteroids, and systemic antihistamines was forbidden 
during the study period; use of intranasal antihistamines was permitted. 

Patients were randomly assigned to 1 of 3 groups: 10 g PLT 3514 emulsion 
(delivering 0.75 g GLA + 0.5 g EPA), 15 g PLT 3514 emulsion (delivering 1.13 g 
GLA + 0.75 g EPA), or 15 g placebo emulsion, each consumed once daily for 
4 weeks. The composition of the PLT 3514 emulsion is described in the com- 
panion paper by Surette et al in this issue. The placebo formulation contained the 
same ingredients as PLT 3514, except that the borage and fish oils were replaced 
by an equal quantity of olive oil. 

Hematology tests were conducted at baseline and at the end of the 4-week 
study period. They included hematocrit, hemoglobin, red blood cell count with 
indices (mean corpuscular volume, distribution width), white blood cell count 
and absolute differential (neutrophils, lymphocytes, monocytes, eosinophils, ba- 
sophils), and platelet count. Clinical chemistry tests conducted at the same time 
points included albumin, alkaline phosphatase, blood urea nitrogen, calcium, cre- 
atinine, glucose, total cholesterol, high-density lipoprotein cholesterol, low- 
density lipoprotein cholesterol, plasma triglycerides, phosphorus, potassium, as- 
partate aminotransferase (AST), alanine aminotransferase (ALT), sodium, total 
bilirubin, total protein, uric acid, iron, and lactate dehydrogenase. Vital signs and 
an abbreviated chemistry panel, including ALT and AST, were also assessed after 
2 weeks. Clinical laboratory samples were analyzed according to standard oper- 
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ating procedures in the Processing Core Laboratory of the GCRC. Blood for as- 
says of stimulated LTB, production and plasma fatty acids was collected by 
venipuncture into Vacutainer tubes (Becton, Dickinson and Company, Franklin 
Lakes, New Jersey) containing sodium heparin at baseline and after 4 weeks. 

The PLT 3514 and placebo emulsions were labeled, weighed, and provided to clin- 
ical site staff by an unblinded study coordinator. Once patients had qualified for the 
study, the supplements were dispensed to them by blinded clinical site staff or in- 
vestigators. Only the study coordinator was unblinded to the dispensing record sheet 
before completion of the study Compliance was assessed by comparing plasma EPA 
concentrations at 4 weeks with those obtained previously in healthy subjects receiv- 
ing 10 g/d PLT 3514 under supervision (see companion paper by Surette et al in this 
issue) and by weighing unused formulation returned to the clinic at the end of the 
study Noncompliance was defined as a plasma EPA level at 4 weeks that was >3 SD 
below the mean obtained under supervised administration or by a weight of unused 
formulation suggesting that supplement use was not within 20% of the target. 

Plasma was prepared and analyzed for fatty acid content using gas chromatog- 
raphy with flame ionization detection. Stimulated whole blood leukotrienes were 
determined by high-performance liquid chromatography with ultraviolet detec- 
tion. These procedures, as well as the study materials and statistical analysis, are 
described in detail in the companion paper by Surette et al in this issue. 

RESULTS 

Demographic Characteristics and Baseline Pulmonary Function 
Table I presents the demographic characteristics of the study patients and the 

results of baseline pulmonary function testing. Forty-three patients were enrolled; 
8 dropped out voluntarily and 6 were excluded from analysis because of non- 
compliance. One additional patient was excluded from the LTB, analysis only be- 
cause neutrophil counts were not obtained at week 4. Ten patients who con- 
sumed 10 g/d PLT 3514, 11 patients who consumed 15 g/d PLT 3514, and 8 
patients consuming placebo were available for analysis. Age and PC,, were sim- 
ilar across groups, although FEV, was significantly higher in the group consum- 
ing 10 g PLT 3514 than in the group consuming 15 g PLT 3514 (P < 0.05, analy- 
sis of variance). The high dropout and noncompliance rates may reflect the 
palatability of the formulation, and a new formulation using natural flavors hav- 
ing a less pronounced aftertaste is under development. 

Tolerability 
As in the results of a trial in healthy subjects consuming 10 or 20 g PLT 3514 

daily (see companion paper by Surette et al in this issue), no clinically significant 
changes in vital signs were observed throughout the present study, and there were 
no significant between-group differences in treatment-emergent adverse events or 
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Table I. Demographic characteristics and results of baseline pulmonary function testing. 

IO g PLT 35 I4 Emulsion I5 g PLT 35 I4 Emulsion Placebo Emulsion 
(n = 17) (n = 18) (n = 8) 

Mean (SD) age, y 29 ( I 2) 29 (IO) 29 (9) 

Sex, no. 
Female 12 15 6 
Male 5 3 2 

Race, no. 
White 15 12 7 
Black 2 5 I 
Other 0 I 0 

Mean (SD) body weight, lb I65 (54) 163 (51) I68 (47) 

Mean (SD) PC,,, mg/mL I .9 (2.4) 2.5 (2.5) I .o (0.9) 

Mean (SD) FEV,, % predicted 93 (12)” 80 (7) 85 (I 0) 

PC,, = provocative concentration required to produce a 20% decrease in forced explratory volume In I second (FEV,). 
??P < 0.05 versus I5 g PLT 35 14. analysis of variance. 

mean clinical laboratory values. None of the patients had elevations to >2 times 
the upper limit of normal for any clinical laboratory measurement. 

P l a s m a  F a t t y  A c id  a n d  W h o l e  B lo o d L e u k o t r i e n e  C o n c e n t r a t io n s  

Four weeks’ supplementation of the diet with 10 or 15 g PLT 3514 daily re- 
sulted in significant increases in plasma levels of EPA, docosahexaenoic acid, 
dihomogamma-linolenic acid, and GLA compared with baseline (P < 0.05, analysis 
of variance) (Table II). Patients consuming the placebo formulation had no changes 
from baseline in plasma fatty acid concentrations. After 4 weeks of supplementa- 
tion, stimulated whole blood LTB, biosynthesis decreased significantly in both PLT 
3514 groups compared with placebo (P < 0.05, analysis of covariance) (Table III). 

DIS C U S SI O N  

The efficacy of recently introduced pharmacologic agents that target the leukotriene 
pathway in the treatment of asthma suggests the importance of leukotrienes in this 
disease.6-8 In the present study, intake of a dietary formulation containing the 
PUFAs GLA and EPA decreased the capacity to synthesize leukotrienes in patients 
with mild to moderate atopic asthma. The magnitude of this decrease was similar 
to that previously observed in a study of the 5LO inhibitor zileuton,15 in which 
30% to 40% inhibition of leukotriene biosynthesis produced a significant decrease 
in FEV,, as well as a decrease in the frequency of rescue inhaler use. 
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Table II. Fatty acid composition of plasma (pmol/L) before and after 4 weeks of daily sup- 
plementation with IO g PLT 35 14, I5 g PLT 35 14, or placebo emulsion in patients 
with atopic asthma. Values are mean (SE). 

Fatty Acid 

IO g PLT 35 I4 Emulsion I5 g PLT 35 I4 Emulsion 

Day I Day I4 Day I Day I4 

Placebo Emulsion 

Day I Day 14 

l4:O 

I&O 

I 6: I 

I 8:0 

18:I n-9 

18:l n-7 

I8:2 n-6 

I8:3 n-6 

I8:3 n-3 

20:3 n-6 

20:4 n-6 

20:5 n-3 

22: I 

2214 n-6 

2215 n-3 

226 n-3 

214 (39) 

3792 (276) 

250 (24) 

2565 (212) 

2363 (202) 

215 (12) 

3253 (373) 

47 (8) 
66 ( IO) 

I95 (I 6) 

772 (98) 

40 (6) 

27 (8) 

30 (4) 

42 (5) 
I 36 ( 17) 

277 (27) 

4407 (272) 

254 (21) 

3008 (302) 

2821 (279) 

235 (I 7) 

3252 (35 I) 

I IO (l2)* 

63 (I I) 

273 (22)’ 

780 (47) 

I90 (24)* 

31 (I I) 

25 (3) 
76 (6)* 

238 (29)’ 

266 (40) 

4208 (524) 

288 (73) 

2933 (260) 

2221 (364) 

210 (29) 

2965 (493) 

54 ( 12) 

75 (26) 

219 (51) 

6 I7 (74) 

41 (I I) 

14 (3) 

28 (5) 
40 (IO) 

I I9 (16) 

21 I (46) 

3772 (485) 

219 (40) 

2599 (209) 

20 I5 (272) 

I91 (18) 

2827 (444) 

99 (22)” 

72 (26) 

299 (66)” 

678 (64) 

2 I 6 (4 I )* 

20 (8) 
18 (3) 
64 (8)’ 

235 (27)’ 

153 (26) 

3565 (199) 

218 (25) 

2750 (2 14) 

22 I7 (90) 

203 (8) 

31 IO (172) 

42 (2) 

48 (7) 
195 (18) 

763 (45) 

38 (6) 

21 (7) 

35 (3) 

41 (4) 
I47 ( 19) 

138 (31) 

3509 (309) 

228 (33) 

2408 (322) 

2381 (184) 

214 (I I) 

3517 (161) 

50 (5) 

51 (9) 
219 (6) 

794 (45) 

51 (9) 

‘9 (9) 
32 (3) 

46 (3) 
I57 (20) 

"P < 0.05 versus day I, analysis of variance. 

Table Ill. Whole blood leukotriene concentrations (ng*mL-‘* I O6 polymorphonuclear neu- 
trophils) in patients with atopic asthma consuming PLT 35 I4 or placebo emul- 
sion daily for 4 weeks. Values are mean (SD). 

Fatty Acid 

IO g PLT 35 I4 Emulsion 

Day I Day I4 

I5 g PLT 35 I4 Emulsion 

Day I Day I4 

Placebo Emulsion 

Day I Day I4 

LTB, 17.6 (3. I ) 13.5 (l.5)* 22.1 (3.8) 18.2 (3.4)” 18.8 (3.9) 19.4 (2.6) 

"P < 0.05 versus placebo, analysis of covanance 
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A MEDLINE search of all years using the terms leuhotriene plus asthma identi- 
fied several studies reporting that leukocytes from atopic individuals, including 
those with atopic asthma, synthesize significantly greater quantities of leukotrienes 
than those from healthy subjects (P < 0.05). 16-20 Although the relationship be- 
tween enhanced leukotriene biosynthesis and disease activity has not been clearly 
determined, the efficacy of leukotriene blockersh-s confirms the important role 
of leukotrienes in asthma. The observation that patients with asthma have a 
propensity to overproduce leukotrienes suggests that management strategies 
aimed at “normalizing” leukotriene production, including dietary strategies such 
as the one described in the present article, may be desirable in this 
population. 

C O N C L U SI O N S 
The results of this study in patients with atopic asthma suggest that a dietary ap- 
proach to modulating leukotriene biosynthesis is effective and well tolerated in 
this study population. Studies are planned to determine whether this dietary 
strategy for the modulation or inhibition of leukotriene biosynthesis will have an 
impact on asthma severity, reliance on medication, and quality of life. 
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