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~ Abstract : N-3 fatty acids have been reported to be effective for asthma. In the
present study, the effects of perilia seed oil (n-3 fatty acids) on asthma were compared
with the effects of corn oil (n-6 fatty acids) in terms of pulmonary function,
lipometabolism and the generation of leukotriene C4 (LTC4) by leucocytes.. A total of
28 asthmatic patients were randomly divided into two groups : Group A patients (15
subjects) consumed perilla seed oil-rich supplementation, while Group B patients (13
subjects) consumed corn oil-rich supplementation for 4 weeks. Generation of LTC4 by
leucocytes, respiratory function and the serum levels of lipids were compared between
the two groups. The generation of LTC4 by leucocytes decreased significantly in Group
A subjects following perilla seed oil-rich supplementation for 2(P<{0.05) and 4
weeks(P<<0.01). A significant difference in the generation of LTC4 was observed be-
tween the two groups after different dietary supplementations for 4 weeks (P<<0.05).

Significantly increased values for PEF (P<0.01), FVC (P<0.05) and FEV..,
(P<0.05) were found .in Group A subjects following perilla seed oil supplementation
for 4 weeks, compared with the initial value prior to supplementation.

A significant decrease in the serum level of total cholesterol, LDL-cholesterol and
phospholipid was detected in Group A subjects following perilla seed oil
supplementation for 4 weeks. The present results suggest that perilla seed oil-rich
supplementation is effective in the treatment of asthma in terms of its ability to
suppress LTC4 generation by leucocytes, and in inducing an improvement in pulmonary
function associated with changes in the serum level of lipids.

Key words : perilla seed oil, «-linolenic acid, leukotriene C4, respiratory function,
lipometabolism
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Introduction

Bronchial allergen challenge induces both an
immediate asthmatic reaction (IAR) within
30 minutes and a late asthmatic reaction
(LAR), which occurs 6-8 hours after the chal-
lenge. The LAR, in which inflammatory cells
such as lymphocytes, neutrophils, eosinophils
and basophils migrate into sites of allergic

. is closely associ-

reaction in the airway' ?
ated with bronchial hyperresponsiveness® 4 .
Leukotrienes (LTs), which are the major
chemical mediators associated with asthma,
and in particular LAR, are synthesized by
inflammatory cells in large quantities during
allergic reactions. '

LTs are generated from arachidonic acid
(AA) through the 5-lipoxygenase pathway,
and AA is in turn released from membrane
LTB4
and LTC4 are generated from linoleic -acid
(LA) through AA, while LTB5 and LTC5 are

generated from @ -linolenic acid ( a -LNA)

phospholipids during cell activation®.

through eicosapentaenoic acid (EPA) ‘via the
same 5-lipoxygenase pathway. Whereas LTB5
has a fnuch weaker action than LTB4, the
action of LTC5 is approximately equivalent
to that of LTC4.

Dietary supplementation with perilla seed
oil, which is rich in a -LNA, 1is' expected
to suppress the generation of ’4-series’
leukotrienes (LTB4 and LTC4) by leucocytes
and to increase the generation of 'b5-series’-
leukotrienes (LTB5 and LTC5). Conversely,

supplementation with corn oil, which is rich’
in LA, is expected to increase the generation.

of ‘4-series’ LTs, and to decrease the genera-
tion of ’5-series LTs’ by leucocytes. In-a pre-
vious study®, we reported on the inhibitory
effects on the generation of LTs by leucocytes
of a diet containing perilla seed oil, a vegetable

oil rich in a-LNA. A

The present study examined the effects of
perilla seed oil-rich supplementation in con-
trast to the effects of corn oil-rich supple-
mentation in patients with asthma.

Materials and Methods

Subjects were 28 patients (8 men and 20
wemen) admitted to our hospital to undergo
treatment for asthma. The mean age of the
patients was 61.1 years (range, 12 to 84
years) and the mean serum level of IgE was
780.11U/ml (range, 21.1 to 6300 IU/ml). Of
the 28 patients, 13 were atopic while the re-
maining 15 were non- atopic. All subjects had
moderate type asthma in severity. The mean
All pa-
tients were treated with long-acting oral theo-

duration of asthma was 13.6 years.

phylline, inhaled B: adrenergic agonists and

- inhaled glucocorticosteroid ‘(beclomethasone

dipropionate : BDP). The mean dose of in-
haled BDP was 208.9 ug/day.

Asthma was evaluated according to the cri-
teria of the International Consensus of Diag-
nosis and Management of Asthma”. All pa-
tients showed reversible airway response, as
indicated by a 15% or greater increase in
their forced expiratory volume in one second
(FEV..o) after inhaled bronchodilator use. The
study was approved by the Institutional Hu-
man Investigation Committee of our hospital.
Informed consent for the study protocol was
obtained from all-patients.

Subjects were randomly divided into two
goups : patients in Group A (15 subjects)
consumed 10-20 grams of perilla seed oil per
day as salad dressing and/or mayonnaise in-
stead of other oils for 4 weeks, while pa-
tients in Group B (13 subjects) consumed an
equivalent amount of corn oil per day for 4

weeks. All other dietary components were
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left unchanged, -and the amount of oil used in
the diet and supplemented diet were recorded
throughout the study period.

The concentration of serum total choles-
terol, triglyceride, high density lipoprotein
(HDL)-cholesterol, and phospholipid were as-
sayed using a previously reported enzymatic
method® . Low density lipoprotein (LDL)-
cholesterol concentration was calculated using
the following formula : [(serum total cholest-
erol) — (HDL-cholesterol) —0.2 X (triglyceride) ]
(Friedwald’s convert)?. S -lipoprotein was
assayed by turbidimetry. Serum IgE levels
were estimated using the radioimmunosorbent
test (RIST).

Peak expiratory flow (PEF) in the early
morning was recorded for all subjects using a
peak flow meter (Assess : Health Scan Prod-
ucts Inc.,Cedar Grove, NJ, USA). Pulmonary
function tests, forced vital capacity (FVC)
and forced expiratory volume in one second
(FEV..¢) were performed using a Chestac 33
(Chest Co., Tokyo, Japan) linked to a com-
puter at a point when patients were attack
free.

The generation of LTC4 by peripheral
leucocytes was assessed using a previously
described method™ ™.

counterflow centrifugation elutriation using a

Cells were separated by

JE 6B rotor (Beckman Co., Geneva, Switzer-
land)® , as described previously™ .
ber of cells was then adjusted to 5% 10%/ml
in Tris ACM (composition : 1ml of 0.1mol/
ICa%*, 0.5ml of 0.1lmol 1 Mg?* and 98.5ml
Tris A buffer ; Trizma preset crystal, pH 7.7;
Sigma Chemical Co., St. Louis, Mo, USA).
The Ca ionophore; A23187 (1ug) was added

The mixed solution

The num-

to the cell suspension.
was incubated for 15 min at 37°C. Quanti-
tation of LTC4 by HPLC analysis was per-
formed using the method of Lam et al.™.

Extraction of LTs was performed using C18
Seppak (Waters Associates, Milford MA).
Concentrations of LTC4 were analyzed by the
HPLC system Model 510 (Waters Associates,
Milford, MA), equipped with an ultraviolet
detector. The column used was a Smm X 10cm
Radial-Pax cartridge (Shimazu Co., Kyoto,
Japan). The results were expressed as ng/5
X 10%cells.

Data were expressed as mean +SEM. Stu-
dent’s t-test was used for paired analysis.
For group comparisons, we used one-way
analysis of variance(ANOVA). P<0.05 was
considered significant. Analyées were performed
using StatView 5.0(Abacus Concepts, Inc.,

‘ Berkeley, CA).

Results

The generation of LTC4 by leucocytes in
Group A patients following perilla seed oil-
rich supplementation showed a significant de-
crease for 2(P<0.05) and 4 weeks(P<{0.01).
In contrast, LTC4 generation showed a ten-
dency to increase in patients with corn oil-
rich supplementation. Significantly increased
LTC4 generation was found after 4-week corn
oil supplementation. Furthermore, a signifi-
cant difference in LTC4 generation was ob-
served between the two groups at 4 weeks
(P<0.05) (Fig.1).

PEF values in the morning increased in
both two groups at 4 weeks after dietary
supplementation. A significant increase
in PEF was observed at 2(P<0.05) and
4 weeks(P<{0.01) after perilla seed oil-rich
supplementation. A significant increase was
also found in patients with corn oil after the

4~week supplementation(P<(0.05)(Table 1).
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Fig. 1. Changes in LTC4 generation in the

two study groups. LTC4 generation
decreased significantly after perilla
supplementation for

seed ‘oil-rich

two and four weeks (@). In con-
trast, L'TC4 generation increased af-
ter corn oil-rich supplementation (Q).
in LTC4

generation was observed between the

- A significant difference

two study groups after different die-
tary supplementations for 4 weeks. a
and c: P<0.02 b: P<0.01.- LTC4 :
leukotriene C4

Table.1. Comparison of morning PEF vzlues

between groups

FEV.. o after the 4-week corn oil-rich supple-
mentation (Table 2).

Table.2. Comparison of FCV and FEV: , val-
ues between groups

Dietary supplementation

before after four weeks
Group A 2.3110.5¢° 2.431£0.40°
FVC(L)

Group B 2.60%1.10 2.66+1.10
Group A 1.45£0.48° 1.68+0.51°

FEV)o(L)
Group 8 1.9010.91 1.87+0.98

a, b:P<0.05

In terms of lipid metabolism, the serum
LDL- cholesterol
and phospholipid decreased significantly in

levels of total cholesterol,

patients with perilla seed oil after the 4-week
supplementation, but not in patients with
corn oil-rich supplementation. The serum lev-
els of triglyceride, HDL-Cholesterol, and 5-
lipoprotein did not differ significantly be-
tween groups after the dietary supplementa-
tion (Table 3).

Table.3. Comparison of the serum lipid level

of between groups

Dietary supplementation

before after four weeks
PEF value (L/min) GroupA .+ 216.5+39.5" 198.0+45.9*
Total Cholesterol(mg/dl)
before after twoweeks  after four weeks Group B . 202.4%38.5 18931399 .
Trghe . Group A 65.2125.8 62.4+13.1
al E b riglyceride(mg/di)
GroupA  241.31134.9%° 2593%113.9°  271.3+105.1 GroupB 7544170 7342285
Group B 280.0+102.4 309.1%113.7 318.2+£106.7° Group A 70.1%£22.5 65.6+£22.1
HDL-Cholesterci{mg/di)
. Group B 67.3+£25.2 53.0%13.9
aand c:P<0.05. b:P<0.01
Group A 152.0220.1°  137.8+24.3°
3 o . ) LDL-Cholesterol{mg/dl)
A significant increase in the value of FVC Group B 130.14254  125.7£336
was observed at 4 weeks after perilla seed oil ) . Group A 4286£71.2 41974768
B-Lipoprotein{mg/dl) .
-rich supplementation(P<0.05). The FEV,, GroupB 46401552 462.7x108.6
: ipr : . Group A 250.8+19.2° 216.4135.0F
value also significantly increased at 4 weeks Phospholpid(mg/d)
Group B 223.7+21.4 233.2+42.9

after dietary supplementation with perilla
seed oil (P<0.05).
cant increase was observed in either FVC or

In contrast, no signifi-

b and ¢:P<0.05. a:P<0.01
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Eosinophil counts in the two groups did
not change significantly during the study pe-
riod.

Discussion

Asthma is characterized by airway inflam-
mation, bronchial hyper-responsiveness to non-
specific stimuli, and episodic and reversible
airflow obstruction. Airway inflammation is
the main pathophysiological manifestation of
asthma. Leukotrienes (LTs) are among the
most important chemical mediators released
from inflammatory cells, which are in turn
involved in the pathogenesis of asthma.

Generation of LTB4 is reportedly reduced
by n-3 fatty acids® . In addition, LTB4 gen-
erated from LA and LTB5 from a-LNA have
However, LTB5
has a much weaker action than LTBA4.
Cysteinyl LTs (LLTC4, LTD4 and LTE4) are
implicated in the pathogenesis of allergen-in-

similar biological activities.

duced airway responses as potent contractile

smooth muscle’ ¥ .

agonists for airway
Moreover, they mediate at a latter stage of
immediate airway obstruction, namely a fall
in FEV, o after allergen exposure™ %,
Polyunsaturated fatty acids (PUFAs) of
the n-3 series[EPA and docosahexaenoic acid
(DHA)] suppress the production of LTs by
antagonistic metabolism, which occurs at the
level of LT hydrolase through the 5-lipoxy-
genase pathway. Therefore, PUFAs may po-
tentially alter LT generation by leucocytes®.
The above PUFAs have been reported to show
anti-inflammatory effects in patients with
chronic inflammatory diseases such as rheu-
matoid arthritis, psoriasis, and chronic in-
flammatory bowel disease® ®. Several stud-
ies have focused on the beneficial effects of
EPA or fish oil on bronchial asthma®®.
In the present study, the effects of a-LNA

rich perilla seed oil on asthma were compared
with the effects of LA-enriched corn oil. The
results revealed that a-LNA-rich perilla seed
oil supplementation significantly suppressed
the generation of LTC4. Furthermore, sub-
jects given perilla seed oil-rich supplemen-
tation showed significantly higher increases
in PEF, FVC, and FEV,., levels after the 4-
week dietary supple-mentation. However,

both groups showed an increase in PEF val-

ues during the study period. This was con-

cluded to be due to other therapies(drugs and
respiratory rehabilitation) that accompanied
the diet therapy.

Several reports have failed to detect any
beneficial effect of EPA in patients with
bronchial asthma®* ®. The present study dem-
onstrated the efficacy of perilla seed oil in
treating asthma. Perilla seed oil is metabo-
lized to form EPA. Therefore, the action of
perilla seed oil might include not only the
effects of perilla seed oil itself but that of
EPA as well.
amine changes in the serum IgE value, nor
did it examine the n-3 fatty acids/n-6 fatty
acids ratio.

The present study did not ex-

Some reports have documented a
significant influence of dietary PUFA on. the
serum IgE and n-3 fatty acids/n-6 fatty acids
ratio® .

Previous reports have suggested that PUFAs
diets that include @ -LNA — decrease serum

37—46)

lipids In particular, some studies have

reported that perilla seed oil-rich supple-
mentation decreased serum lipids inrats® .
Recent dietary supplementation trends in Ja-
pan have included a high consumption of
saturated fatty acids and n-6 PUFAs and low
n-3 PUFAs™.

vealed that perilla seed oil-rich supplemen-

The present study findings re-

tation decreased serum levels of total choles-
terol, LDL-cholesterol and phospholipid.
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The present study findings suggested that:

dietary supplementation with perilla seed oil,
rich in a-LNA, was significantly more bene-
ficial for -asthma than that with corn oil,
rich in LA, in terms of its suppressive effect
on the generation of LTs by leucocytes asso-
ciated with lipometabolism.

The present study may represent an impor-
tant step in the development of a diet ther-
apy for asthmatic patients. Future studies

are needed to further develop a nutritionally

balanced diet therapy for asthma.
References

1. Wenzel SE, Westcott JY, Larsen GL :
Bronchoalveolar lavage fluid mediatorlevels
5 min after allergen challenge in atopic
subjects with asthma : Relationship to the

development of late asthmatic responses. J

Allergy Clin Immunol 87 : 540—548, 1991.
2. Kirby JG, Hargreave FE, Gleich GJ, O'Byrne
PM : Bronchoalveolar cell profiles of asth-
matic and nonasthmatic subjects. Am Rev
Respir Dis 136 : 379—2383, 1987.
3. Kelly CA, Ward C, Stenton CS, Hendrick
DJ, Walters EH : Numbers and activity of

inflammatory cell in bronchoalveolar lavage

fluid in asthma,and their relationship to
airway hyperresponsiveness. Thorax 43 : 684—
692, 1988.

4. Pouwels R : The relationship between air-
way inflammation and hyperresponsiveness.
Clin Exp Allergy 866 : 207—215, 1983.

5. Thien FC, Walters EH : Eicosanoids and asth-
ma : An update. Prostaglandins Leukot Essent
Fatty Acids 52 : 271—288, 1995.

6. Ashida K, Mitsunobu F, Mifune T, et al. :
A pilot study : Effects of dietary supplemen-
tation with a-linolenic acid-enriched perilla
seed oil on bronchial asthma. Allergol ' In-
tern 46 : 181—185, 1997.

7. National Heart, Lung, and Blood Institute,
National Institutes of Health. Bethesda,
Maryland 20982,
report on diagnosis and management of
asthma. Eur Respir J 5: 601—641, 1992.

8. Rautela GS, Liedtke RJ : Automated
enzymic measurement of total cholesterol
in serum. Clin Chem. 24 :108—114, 1978.

9. Tietz NW : Textbook of Clinical Chemis-
try, W. B. Saunders Co., Philadelchia, PA ;
52-63(techniques and procedures to mini-

International consensus

mize labolatory infections), 487497 (speci-
men collection and storage recommenda-
tions), 1986.

- 10. Shimazu S, Yasui K, Tani Y, Yamada H:

ACTL-CoA oxidase from Candida Tropi-
calis. Biochem Biophys Res Commun 91 :
108—113, 1979.

11. Takayama M, Itoh S, Nagasaki T, Tanimizu
L : A new enzymatic method for determina-

tion of serum choline-containing phospholi-
pids. Clinica Chimica Acta 79 : 93—98, 1977.

‘12. Friedwald AT : Estimation of the concen-

tration of low-density lipoprotein choles-
terol in plasma without use of preparative
ultra-centrifuge. Clin Chem 18 : 499 — 509,
1972.

13. Tanizaki Y, Kitani H, Okazaki M, Mifune

T, Mitsunobu F, Kimura I : Histamine and
leukotriene C4 levels in bronchoalveolar
lavage(BAL)fluid in patients with bron-
chial asthma. Jpn J Clin Immunol 116 : 99—
108, 1993.

14. Tanizaki Y, Kitani H, Okazaki M, Mifune
T, Mitsunobu F, Kimura I. Changes in the
proportions of bronchoalveolar lympho-

.cytes, neutrophils and basophilic cells and

the release of histamine and leukotrienes

from bronchoalveolar cells in patients with
steroid dependenﬁ intractable asthma. Int

Arch Allergy Immunol 101 : 196—201, 1993.



Effects of n-3 fatty acids on asthma and shanges in lipids 56

15. Jemionek JF, Contreras YJ, French JE,
Shields LT : Technique for increased gran-
ulocyte recovery from human whole blood
by counterflow centrifugation elutriation.
1.In vitro analyses. Transfusion 19 : 120-
128, 1978.

16. Tanizaki Y, Sudo M, Kitani H, et al. :
Release of heparin-like substance and hista-
mine from basophilic leukocytes separated
by counterflow centrifugation elutriation.
Jpn J Med 29 : 356—361, 1990.

17. Lam S, Chan H, LeRiche JC, Chan-Yeung
M, Salari H : Release of leukotrienes in pa-
tients with bronchial asthma. J Allergy
Clin Immunol 81 : 711—717, 1988.

18. Lee TH, Mencia-Huerta JM, Shih C, Corey
EJ, Lewis RA, Austen KF : Effects of ex-
ogenous arachidonic, eicosapentaenoic, and
docosahexaenoic acids on the generation of
5-lipoxygenase products by ionophore-acti-
vated human neutrophils. J Clin Invest 75 :
1922—1933, 1984. )

19. Prescott SM : The effect of eicosapentae-
noic acid on leukotriene B production by

human neutrophils. J Biol Chem 259 : 7615~

7621, 1984.

20. Taniguchi Y, Tamura G, Honma M, et al.:
The effect of an oral leukotriene antago-
nist, ONO-1078, on allergen-induced imme-

diate bronchoconstriction in asthmatic sub-

jects. J Allergy Clin Immunol 92 : 507-512,
1993.

21. Hamilton AL, Watson RM, Wyile G, O’Byrne
PM : Attenuation of early and late phase
allergen-induced bronchoconstriction in asth-
matic subjects by a 5-lipoxygenase activat-
ing protein antagonist, BAYx1005.
Thorax 52 : 348—354, 1997.

22. von Schacky C, Kiefl R, Jendraschak E,
Kaminski WE : n-3 fatty acids and cysteinyl-
leukotriene formation in humans in vitro,

ex vivo, and in vivo. J Lab Clin Med 121 :
302—309, 1993.

23. Stenson WF, Cort D, Rodgers J, et al. :
Dietary supplementation with fish oil in
ulcerative colitis. Ann Intern Med 116 : 609—
614, 1992.

24. Tkehata A, Hiwatashi N, Kinouchi Y, et
al. : Effect of intravenously infused- eicosa-
pentaenoic acid on the leukotriene genera-
tion in patients with active Crohn’s dis-
ease. Am J Clin Nutr 56 : 938—942, 1992.

25. Lau CS, Morley KD, Belch JJ : Effects of
fish oil supplementation on non-steroidal
antiinflammatory drug requirement in pa-
tients with mild rheumatoid arthritis-a
double-blind placebo controlled study. Br J
Rheumatol 32 : 982—989, 1993.

26. Nielsen GL, Faarvang KL, Thomsen BS,
et al. : The effects of dietary supplemen-
tation with n-3 polyunsaturated fatty acids
in patients with rheumatoid arthritis :
arandomized, double blind trial. Eur J Clin
Invest 22 : 687—691, 1992.

27. Kojima T, Terano T, Tanabe E, Okamoto
S, Tamura Y, Yoshida S : Long-term ad-
ministration of highly purified eicosapen-
taenoic acid provides improvement of pso-
riasis. Dermatologica 182 : 225—230, 1991.

28. Mayser P, Mrowietz U, Arenberger P, et
al. : Omega-3 fatty acid-based lipid infu-
sion in patients with chronic plaque psoria-
sis : results of a double-blind, randomized,
placebo—controlled, multicenter trial : J Am
Acad Dermatol 385 : 39—547, 1998.

29. Broughton KS, Johnson CS, Pace BK,
Liebman M, Kleppinger KM : Reduced asth-
ma symptoms with n-3 fatty acid ingestion
are related to 5-series leukotriene produc-
tion. Am J Clin Nutr 65 : 1011—1017, 1997.

30. Arm JP, Horton CE, Mencia-Huerta JM,
et al. : Effect of dietary supplementation



57 Effects of n-3 fatty acids on asthma and shanges in lipids

with fish oil on mild asthma. Thorax 43 :
82—92, 1988.

31. Arm JP, Horton CE, Spur BW, Mencia-
Huerta JM, Lee TH : The effects of dietary
supplementation with fish oil on the air-
ways response to inhaled allergen in bron-
chial asthma. Am Rev Respir Dis 39 :1395—
1400, 1989.

32. Dry J, Vincent D : Effect of a fish oil
diet on asthma : Results of a 1-year double
blind study. Int Arch Allergy Appl
Immunol 98: 156—157, 1991.

33. Thien FC, Mencia-Huerta JM, Lee TH

Dietary fish oil effects on seasonal hay fe—v

ver and asthma in pollen-sénsitive subjects.
Am Rev Respir Dis 147 : 11381143, 1993.
34. Picado C, Castillo JA, Schinca N, et al. :
Effects of ‘a fish oil enriched diet on aspi-
rin intolerant asthmatic patients :
study. Thorax 43 : 93—97, 1988.
35. Stenius-Aarniala B, Aro A, Hakulinen A,
Ahola I, Seppala E, Vapaatalo H : Evening

a pilot

primrose oil and fish oil are ineffective as
supplementary treatment of bronchial asth-
ma. Ann Allerg 62 : 534—537, 1989.

36. Watanabe S, Sakai N, Yasui Y, et al : A
high alpha-linolenate diet suppresses anti-
gen-induced immunogloburin E response and
anaphylactic shock in mice. J Nutr 124 :
1566 —1573, 1994.

37. Koga T, Nonaka M, Gu JY, Sugano M:
Linolenic and alpha-linolenic acids differ-
ently modify the effects of elaidic acid on
polyundsaturated fatty acid metabolism and
some immune indices in rats. Br J Nutr 77 :
645656, 1997. »

38. Garg ML, Cladinin MT : Alpha-linolenic
acid and metabolism of cholesterol and
long-chain fatty acids. Nutrition 8 : 208 —
210, 1992, - '

39. Ikeda I, Mitsui K, Imaizumi K : Effect of

dietary linoleic,alpha-linolenic and arachi-
donic acids ‘on lipid metabolism, tissue
fatty acid composition and eicosanoid  pro-
duction in rats. J Sci Vitaminol 42 : 541 —
551, 1996.

40. Tkeda I, Cha JY, Yanagida T, et al. : Ef-
fects of dietary alpha linolenic, eicosa-
pentaenoic and docosahexaenoic acids on
hepatic lipogenesis and beta-oxidation in
rats. Biosci Biotechnol Biochem 62 : 675 —
680, 1998.

41. Prasad K, Mantha SV, Muir AD, Westcott
ND : Reduction of hypercholesterolemic ather-
osclerosis by CDC-flaxseed with very low
alpha-linolenic acid. Atherosclerosis 136 : 367—
375, 1998.

42. Larsson-Backstrom C, Lindmark L, Svéns-
son L : Effects of dietary alpha-and gamma-
linolenic acids on liver fatty acids, lipid
metabolism, and survival in sepsis. Shock 4
:11-20, 1995.

43. Seppanen-Laakso T, Vanhanen H, Laakso
I, Kohtamaki H, Viikari J : Replacement of
butter on bread by rapeseed oil and rape-
seed oil-containing margarine : effects on
plasma fatty acid corhposition and serum
cholesterol. Br J Nutr 68 ::639—654, 1992.

44. Mensink RP, Katan MB : Effect of a diet
enriched with monounsaturayed or polyun-
saturated fatty acids on levels of low-den-
sity and high-density lipoprotein choles-
terol in healthy women and men. N Engl J
Med 321-: 436—441, 1989.

45. Damon M, Chavis C, Crastes de Paulet A,
Michel FB, Godard P : Arachidonic acid me-
tabolism in alveolar macrophages. a com-
parison of cells from healthy subjects, al-
lergic asthmatics, and chronic bronchitis
patients. Prostaglandins 34 : 291309, 1987.

46. Gu JY, Wakizono Y, Dohi A, Nonaka M,

Sugano M, Yamada K. Effect of dietary



Effects of n-3 fatty acids on asthma and shanges in lipids 58

fats and sesamin on lipid metabolism and
immune function of Sprague-Dawley rats.
Biosci Biotechnol Biochem 62 : 1917+ 1924,
1998.

EBOZE(L LR L - SEERICHT 3n3%
BB DR —n-6RISH M & DHE

Rl 3%, JEEEXXHE, FHEF=, RS,
BRI, B, BHEE, SEB,
JRHERD

FILAZ = BB AR E S BRb = 815
BeraBt  CREILRFEE AN

n-3RNERR IR B TH 5 T EHMES
T3, 4B xI<vih (n-3RIEHRE) O
Bioxtd 2 shR 4 rrkigse, IEERB. Aliko
4ar)xzrCq4 (LTCH ELEtEoBHSE, S,
a—vih (n6RENE) oxh il k, 28
flow BRE A MIEAIC2B IO Y. AR (1561)
x TR %, BB (136 o-vHmA%E
hZ NABREE L fos BMIERL T C4EEA:RE, IF

47. Egusa G, Murakami F, Ito C, et al.;
Westernized food habits and concentrations

of serum lipids in the Japanese. Ather-
osclerosis 100 : 249—255, 1993.

Wik, MARSE %2 28R chB Lk, EIMER
LTCAEEERx TvhB2EN L AB 28
#%(P<C0.05), 4iB#(P<0.0D)IKEEETF Lz,
AEEIGERICOBEMTL T CAE AR RS
B 5112 (P<0.05)0 T I <iRF4LEBEL
EABTRE-2 70— (P<0.05), MiEEE<
0.01), 1BEP<0.05) NABERAKH L, &
Bl $-ABTR L T iR BNdE

CgImER o VX Fo—fi, LDL—3 LV &x¥F

o— Nl Y VISEORBRETNA N, T
NOORRLY, TTvHRRAMKL T C4E
HREEZ GG B Lick b, FRBEEEREL.
MEEEOE/LLEE L T, BEOREICHST
HBTEMTRENI,

Eo|E zdel. a—Y /L of4ab
Yy x v C4, FRRESHE, TeE





