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We compared the dietary effects of dihomo-y-lino-
lenic acid (DGLA) contained in the DGLA oil produced
by a fungus with y-linolenic acid (GLA) on the fatty acid
composition. Wistar rats were fed with three kinds of oil
for two weeks as follows: (i) control group: corn oil; (ii)
GLA group: borage oil; (iii) DGLA group: DGLA oil/
safflower oil = 55:45. The DGLA concentrations in the
liver, serum, and brain of the DGLA group were higher
than those of the GLA oil group. We also examined the
dose effect of DGLA. The DGLA levels in the liver,
serum, and brain significantly increased with increasing
dosage of DGLA in the diet. DGLA administration
significantly increased the ratio of PGE;/PGE, in the
rat plasma. The mechanism for GLA administration to
improve atopic eczema is thought to involve an increase
in the concentration of DGLA metabolized from GLA,
so these results suggest that the dietary effect of DGLA
would be more dominant than GLA.

Key words: dihomo-y-linolenic acid (DGLA); arachi-
donic acid; delta 5 and delta 6 desaturase;
rat

Dihomo-y-linolenic acid (DGLA, 20:3n-6) is an
intermediate metabolite of the n-6 series of polyunsa-
turated fatty acids (PUFA). DGLA is metabolized from
linoleic acid (LA, 18:2n-6) via y-linolenic acid (GLA,
18:3n-6) and further converted to arachidonic acid (AA,
20:4n-6). DGLA, AA and eicosapentaenoic acid (EPA,
20:5n-3) are precursors of eicosanoids, e.g. prostaglan-
dins (PG) and thromboxanes (TX). DGLA is converted
to the 1-series of PG. PGE|, the major PG from DGLA,
has such physiological functions as anti-inflammato-
ry'™ and anti-platelet aggregation activities.’ DGLA

has also been reported to have anti-inflammatory,” anti-
thrombotic,” antihypertensive,” and anti-allergic ac-
tions. GLA-containing oils such as evening primrose
oil and borage oil are often used for the treatment of
allergic symptoms,”'? atopic eczema,'"” uremic skin
symptoms'? and premenstrual syndrome'>~'> in hu-
mans. Some of these physiological effects of GLA are
thought to originate from its metabolites, DGLA and
PGE;. Therefore, DGLA administration can be expected
to be more effective than GLA administration. Several
studies that DGLA ethyl ester were fed to rats and
rabbits were published'®'® in 1970’. However, the
natural source of DGLA was not available and its
general use for treatment has been limited. We have
been able to get commercially produced DGLA oil in
the form of triacylglycerol (TG) recently, produced by
a A5 desaturase-defective mutant of the Mortierella
alpina 1S-4 fungus.'” We therefore reevaluate the
dietary effect of DGLA in vivo in this present study.

We compared the dietary effects of DGLA with GLA
on the fatty acid metabolism in rat tissues. We also
examined the dietary effects of DGLA on the concen-
trations of PGs (PGE; and PGE;) in rat plasma. We
finally measured the mRNA levels of fatty acid A5 and
A6 desaturases and two transcriptional factors, perox-
isome proliferator-activated receptor o« (PPARc«x) and
sterol regulatory element-binding protein-1 (SREBP-1),
in rat liver.

Materials and Methods

Chemicals. The DGLA oil was prepared from a A5
desaturase-defective mutant of Mortierella alpina 1S-4
fungus,'” and borage oil was obtained from Sigma
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(St. Louis, MO, USA). EPA ethyl esters (purity > 99%)
were obtained from Harima Chemicals (Ibaraki, Japan),
and corn oil, high-LA safflower oil, and high-oleic-acid
sunflower oil were provided by Showa Sangyo Co.
(Chiba, Japan).

Animals and diets. All experiments were approved
by the Animal Experimentation Ethics Committee of
Ochanomizu University (Tokyo, Japan). Four-week-old
male Wistar rats were purchased from Sankyo Lab.
Service (Tokyo, Japan). The rats were initially fed on a
commercial diet (CE-2, Nippon Clea Co., Tokyo, Japan)
for a week.

Experiment 1. Weighing an average of 140g, the
animals were then divided into three groups of seven
animals each. They were housed individually in an air-
conditioned room at 23 £ 1°C with a 12-h light-dark
cycle and were given the experimental diets (20 g/day
for 1-4 day; 30g/day for 5-14 day) and water ad
libitum for 2 wk. The basal diet prepared under standards
given by the American Institute of Nutrition (AIN)??
was purchased from Eisai Co. (Tokyo, Japan) and
contained the following percentage of ingredients
(weight basis): casein, 20; glucose, 25; sucrose, 25;
corn starch, 15; filter paper, 5; AIN mineral mixture, 3.5;
AIN vitamin mixture, 1; choline bitartrate, 0.2; and DL-
methionine, 0.3. The test diets were prepared by mixing
5% (w/w) of each experimental oil mixture with the
basal diet. Three kinds of oil were prepared: (i) control
(CO) group, corn oil; (ii) GLA group, borage oil; (iii)
DGLA group, DGLA oil/high LA safflower oil =
55:45. EPA ethyl esters (less than 1% of the dietary
oils) were added to all three dietary oils to supply n-3
fatty acids. The fatty acid compositions of the three
kinds of oil are shown in Table 1. The concentration of
both GLA in the of oil of the GLA group and of DGLA
in the oil of the DGLA group was adjusted to ca. 20%.
The concentration of LA in the GLA and DGLA groups
was at the same level, while the concentration of total
n-6 fatty acid was no different among the three groups
(50-58%).

Experiment 2. Weighing an average of 144 g, the
animals were then divided into three groups of seven

Table 1. Fatty Acid Composition of Dietary Oils*

CO GLA DGLA
16:0 12.2 11.5 13.7
18:0 2.7 4.3 5.6
18:1n-9 332 16.4 11.8
18:2n-6 (LA) 49.2 35.8 343
18:3n-6 (GLA) — 21.1 1.3
20:3n-6 (DGLA) — — 23.1
20:5n-3 (EPA) 0.7 0.7 0.8
Total n-6 49.2 56.9 58.7

“Values are expressed as weight percentages. CO, corn oil; GLA, y-linolenic
acid; DGLA, dihomo-y-linolenic acid; LA, linoleic acid; EPA, eicosapen-
taenoic acid

Table 2. Fatty Acid Composition of Dietary Oils*

0% 10% 20%
16:0 433 8.27 12.2
18:0 3.84 4.87 5.98
18:1n-9 85.4 68.9 48.7
18:2n-6 (LA) 5.76 5.65 5.58
18:3n-6 (GLA) — — 1.10
18:3n-3 (ALA) — — 0.55
20:3n-6 (DGLA) — 9.03 19.6
24:0 — 1.68 3.73

“Values are expressed as weight percentages. See Table 1 for abbrevia-
tions.

animals each. They were housed individually in an air-
conditioned room at 23 £ 1°C with a 12-h light-dark
cycle and were given the experimental diets (20 g/day
for 1-3 day; 30g/day for 4-21 day) and water ad
libitum for 3 wk. The basal diet used was the same as
that in Experiment 1. The test diets were prepared by
mixing 5% (w/w) for the experimental oil mixtures with
the basal diet. Three kinds of oils were prepared: (i)
DGLA 0% group, high oleic acid sunflower oil (HOS);
(ii) DGLA 10% group, DGLA 0il/HOS = 1:3; (iii)
DGLA 20% group, DGLA 0il/HOS = 1:1. The fatty
acid compositions of the experimental oils are shown in
Table 2.

Lipid analyses. Lipids were extracted from the livers
of the rats by the method of Folch et al.> As an internal
standard, margaric acid (17:0) was added to the lipid
extracts which were methylated by using HCL-methanol
as described in our previous paper’” to measure the
concentration of fatty acids in the tissues and serum. The
fatty acid methyl esters were then measured by gas-
liquid chromatography (Perkin Elmer Auto System GC;
Palo Alto, CA, USA) in a Rascot Sillar 5CP capillary
column (0.25mm x 50m; Nihon Chromato Works,
Tokyo, Japan) as described previously.??

Assesment of platlet aggregation. Platelet aggregation
was measured with a whole blood aggregometer (WBA
Model-4, MC Medical CO., Tokyo, Japan) by the screen
filtration pressure method.?® Briefly, blood was collect-
ed and incubated in saline with 16um adenosine
diphosphate (ADP) at 37°C. Five minutes after the
reaction had been started, the filter-unit syringe sequen-
tially sucked in the blood samples. A pressure sensor
was connected to the syringe, and the final platelet
aggregation pressure was determined as the percentage
pressure.

Determination of the plasma PGE; and PGE; levels.
The PGE, concentration in the rat plasma samples was
determined by an enzyme-linked immunosorbent assay
(ELISA) kit (R&D Systems, Mineapolis, MN, USA).
The PGE, concentrations were also determined by
ELISA (Cayman Chemical CO., Ann Arbor, MI).
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Table 3. Primers and Probe for Real-Time RT-PCR

GenBank™ Primer Starting Size for the
Gene name accession orientation Nucleotide sequence sequence PCR
number or probe position amplicon (bp)
Forward 5-GTTCTTCTTTCTCCTCCTGTCCC-3’ 486
A6 desaturase AF320509 Reverse 5-CATTGCCGAAGTACGAGAGGAT-3' 565 7
Forward 5-TGGCTCACTCTTTGGATCTTTG-3' 448
A5 desaturase AB021980 Reverse 5-GCCTGAACTGTACTGAGCAGCA-3' 524 76
Probe 5'-AACTTCCTTGGTGCCTTCACCCTCTGT-3’ 471
Forward 5'-AGCCAACGGCGTTGAAAA-3 1154
PPAR« NMO13196 Reverse 5-GGACATGCACTGGCAGCA-3 1217 63
Forward 5-GGCTGGCCAATGGACTACTAGT-3 1589
SREBP-1 116995 Reverse 5'-CAGCTTGTTTGCGATGTCTCC-3' 1708 19
Table 4. Fatty Acid Composition of the Liver of Rats
CcO GLA DGLA
(umol/g of tissue)
16:0 49.4 + 10.40%0 60.4 + 13.00* 438.8 4 8.34°
16:1 5.34 +2.68 5.71+1.20 434+1.24
18:0 27.74+0.92 27.9 +1.00 27.1 +£0.70
18:1 n-9 40 +12.30* 415+ 11.10* 229 +5.67°
18:2 n-6 42.7 + 8.43* 453+ 11.80* 28.6 £6.12°
18:3(n-6) 1.09 +0.27* 6.7+ 1.63° 1.24 +0.30*
18:3(n-3) 0.51+0.17 0.41+0.32 0.38+0.18
20:3(n-6) 0.49 +0.05* 2.25 £ 0.66° 8.72 +2.46°
20:4(n-6) 344+ 1.24° 53.34+6.93° 54.9 4+ 8.00°
20:5(n-3) 0.82 +0.22* 1.21 +0.26° 1.03 £ 0.29%
22:4(n-6 0.58 +0.28* 3.05 £ 1.25° 1.87 £0.77¢
22:5(n-6) 1.02 4+ 0.54* 4.19 4 1.34° 2.97 +0.66°
22:5(n-3) 0.24 +0.41* 0.99 £ 0.34° 0.68 £ 0.24%
22:6(n-3) 9.5 4+0.88* 8.28 + 0.86" 7.41 £0.59¢
Desaturation index
LA/(GLA+DGLA+AA) 0.553 £ 0.867 0.449 £ 0.609 0.310 £ 0.369
DGLA/AA 0.014 + 0.040* 0.042 + 0.095° 0.159 + 0.308°¢

Each result is expressed as mmol/g of tissue and is the mean £ SD.
Values with different superscript letters show significant difference (P < 0.05).

Total RNA preparation and real-time quantitative RT-
PCR. Total RNA was isolated from the rat liver samples
by the acid-phenol guanidinium method. Real-time
quantitative RT-PCR was performed with a GeneAmp
5700 sequence detection system (Applied Biosystems).
Real time RT-PCR was performed with specific primers
and probes corresponding to different genes (Table 3). A
SYBR-green quantitative PCR assay was performed to
detect A6 desaturase, PPARw, and SREBP-1 mRNAs,
while a fluorogenic probe and the primers were used
with PCR for A5 desaturase mRNA detection. The
expression level of glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) was determined by using a Taq
Man Rodent Control Reagent kit (Applied Biosystems)
and used for normalization of the data.

Statistical analysis. Each result is shown as the
mean & SD. The significance of the difference in mean
values was evaluated by Student’s t-test.

Results

Experiment 1

Experiment 1 was a comparative study on the dietary
effects of DGLA and GLA on the fatty acid metabolism
in the rat liver, serum, and brain.

Growth parameters and tissue weights

No significant differences in the food intake and body
weight gain were apparent among the animal groups
(data are not shown). We conclude that the adminis-
tration of DGLA oil had no influence on the growth of
the rats.

Fatty acid concentration in the rat tissues

The effect of the dietary oils on fatty acid concen-
tration in rat liver is shown in Table 4. The DGLA
(20:3n-6) concentration in the GLA group was signifi-
cantly higher than that in the CO group. The DGLA
concentration in the DGLA group was also significantly
higher than that in the CO and GLA groups. The AA
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Table 5. Fatty Acid Composition of the Serum of Rats

CcO GLA DGLA
(umol/g of tissue)

16:0 1.25+0.19* 1.38 £0.15% 1.55+0.16"
16:1 0.14 £ 0.04% 0.14 £0.02% 0.17 £0.03°
18:0 0.73 +0.06* 0.83 £0.12% 0.94+0.11°
18:1 n-9 0.73+0.23 0.68 +£0.12 0.69 +0.12
18:2 n-6 0.97 £0.23 0.82+0.14 0.85+0.16
18:3(n-6) 0.04 £0.012 0.19 £+ 0.20° 0.06 £+ 0.02¢
18:3(n-3) 0.01 £0.01% 0.01 £0.01% 0.01 +0.01°
20:3(n-6) 0.01 +0.00* 0.03 +0.01° 0.27 £0.05¢
20:4(n-6) 1.76 £ 0.10* 2.25 +0.34° 2.75 +0.37¢
20:5(n-3) 0.03 +0.01 0.03 +0.01 0.04 +0.01
22:4(n-6 0.01 £0.01* 0.04 £ 0.00° 0.04 +0.01°
22:5(n-6) 0.03 +0.01* 0.08 £ 0.02° 0.08 & 0.02°
22:5(n-3) 0.05 +0.01* 0.15+0.01° 0.04 £0.02*
22:6(n-3) 0.18 £0.03 0.15+0.02 0.17 £ 0.02
Desaturation index

LA/(GLA+DGLA+AA) 0.35+0.70 0.26 £0.29 0.22+0.28

DGLA/AA 0.006 £ 0.001* 0.013 4 0.029° 0.098 £ 0.135¢

Each result is expressed as mmol/g of tissue and is the mean £ SD.
Values with different superscript letters show significant difference (P < 0.05).

Table 6. Fatty Acid Composition of the Brain of Rats

CcO GLA DGLA
(umol/g of tissue)
16:0 23.342.00 22.6+0.75 228+1.14
16:1 0.39 4+ 0.04 0.37 £ 0.05 0.39 4+ 0.04
18:0 23.4 4 1.44 23.140.66 23 40.94
18:1 n-9 14.8 4+ 0.84 14.9 4 0.63 14.9 +0.80
18:2 n-6 0.69 & 0.06 0.51 +£0.03° 0.51 4 0.04°
18:3(n-6) ND ND ND
18:3(n-3) ND ND ND
20:3(n-6) 0.27 £0.122 0.51 +£0.03° 0.61 +0.09¢
20:4(n-6) 8.79 4+ 0.67* 9.59 +0.20° 9.43 £0.55%
20:5(n-3) ND ND ND
22:4(n-6 2.01+0.23 2.2+0.07 2.2340.19
22:5(n-6) 0.31+£0.142 0.54 +0.06" 0.51 4+ 0.08"
22:5(n-3) 1.17+£0.18 1.14 £0.12 1.11+£0.16
22:6(n-3) 8.96 + 0.84 9.49 4+ 0.31 9.4+0.81
Deaturation index
LA/(GLA+DGLA+AA) 0.0708 £ 0.0706 0.0481 £0.1154 0.0483 £ 0.0588
DGLA/AA 0.0307 £0.1791% 0.0532 + 0.1500° 0.0647 £+ 0.1636¢

Each result is expressed as mmol/g of tissue and is the mean £ SD.
Values with different superscript letters show significant difference (P < 0.05).

(20:4n-6) concentrations in the GLA and DGLA groups
were significantly higher than that in the CO group.
No significant difference was apparent observed in the
AA (20:4n-6) concentration between the GLA and
DGLA groups. Table 5 shows the effect of dietary oils
on the fatty acid concentration in rat serum. The DGLA
(20:3n-6) concentration in the GLA group was also
significantly higher than that in the CO group, and the
concentration of DGLA in the DGLA group was also
significantly higher than that in the CO and GLA groups.
The AA (20:4n-6) concentration was highest in the
order of DGLA group > GLA group > CO group, sim-
ilar to the DGLA concentration. Table 6 shows the

effect of dietary oils on the fatty acid concentration in
the rat brain. Similar to the liver and serum, the DGLA
(20:3n-6) concentration in the GLA group was signifi-
cantly higher than that in the CO group, while the
DGLA concentration in the DGLA group was signifi-
cantly higher than that in the CO and GLA groups.
However, the quantitative difference among the three
groups in the brain was much less than that in the liver
or serum. The AA (20:4n-6) concentration was not much
different among three groups. The DGLA/AA ratio in
these tissues when treated with the DGLA diet was
higher than that in the control and GLA groups.



Fatty Acid Metabolism of Dietary DGLA

B, PGE,

A, PGE,

(pg/mi) (pg/mli)

14000 14000

12000 12000
10000 10000
8000 8000
6000 6000
4000 4000

2000 2000

0 0
0% 20%
DGLA

Fig. 1. Effect of DGLA on Platelet Aggregation.

0%

DGLA

2125

C, PGE,/PGE,

*

0.8
0.6
0.4

0.2

0% 20%
DGLA

20%
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Platelet aggregation

Figure 1 shows the effect of DGLA on platelet
aggregation measured by the WBA method, involving
a new type of aggregometer. This method has good
reproducibility and easy handling with a small sample
volume. In Fig. 1, a low pressure rate means low
aggregation ability. DGLA feeding caused a significant
decrease in platelet aggregation compared to the control
diet. DGLA was more efficient than the GLA diet in this
effect.

Experiment 2

We investigated in experiment 2, the dose depend-
ence of dietary DGLA on the fatty acid metabolism in
the liver, serum, and brain of rats. The dietary effects of
DGLA on the PGE; and PGE, concentrations in rat
plasma and on the mRNA expression of A5 and A6
desaturase, PPAR«, and SREBP-1 in rat liver were also
investigated.

Fatty acid concentrations in rat tissues

The fatty acid concentration in rat liver is shown in
Fig. 2A. The DGLA (20:3n-6) concentration in the liver
was significantly increased with increasing dietary
DGLA. Dietary DGLA also significantly increased the
AA (20:4n-6) concentration in the rat liver, although no
significant difference was apparent in the AA concen-
tration between the DGLA 10% and 20% groups.
Similar to the concentration of DGLA (20:3n-6), those
of 22:4n-6 and 22:5n-6 were significantly increased with
increasing dietary DGLA. On the contrary, the DHA
(22:6n-3) concentration was significantly decreased with
increasing dietary DGLA. The fatty acid concentration
in rat serum is shown in Fig. 2B. The DGLA (20:3n-6)
concentration in the serum was also significantly
increased with increasing dietary DGLA, as was the
concentration of 22:5n-6. Dietary DGLA (20:3n-6) also
significantly increased the AA (20:4n-6) concentration
in rat serum, although no significant difference was

apparent in AA concentration between the DGLA 10%
and 20% groups. On the contrary, the DHA (22:6n-3)
concentration was significantly decreased by dietary
DGLA. Oral administration of DGLA had no effect on
the concentrations of DGLA (20:3n-6), AA (20:4n-6),
and 22:4n-6 in the rat brain, similar to the results in
experiment 1 (data are not shown).

Concentrations of PGE; and PGE; in rat plasma

The effect of dietary DGLA on the concentrations of
PGE; and PGE; in rat plasma is shown in Fig. 3 for
the DGLA 0% and 20% groups. Dietary DGLA in-
creased the PGE; concentration to a level about four
times higher than that without DGLA administration
(Fig. 3A). On the other hand, dietary DGLA increased
the PGE, concentration to a level less than twice that
without DGLA (Fig. 3B). Therefore, the ratio of PGE,;/
PGE, was significantly increased by dietary DGLA
(Fig. 30).

mRNA expression of A5 and A6 desaturase, PPAR«,
and SREBP-1

The mRNA expression of A5 and A6 desaturase,
PPAR¢, and SREBP-1 in the DGLA 0% and 20%
groups was investigated. The significant decreasing
effect of dietary DGLA on the mRNA expression of
A5 and A6 desaturase in rat liver is shown in Fig. 4.
Figure 5 shows the significant decreasing effect of
dietary DGLA on the mRNA expression of PPAR« in
rat liver, and the tendency for the down regulation of
SREBP-1 mRNA expression by dietary DGLA.

Discussion

We investigated in the present study the effect of
dietary DGLA on the fatty acid metabolism in vivo by
using DGLA in TG form produced by a fungus. The
effect of supplementation of ethyl DGLA on the lipid
metabolism in rat tissues'® has been reported. Oelz et al.
have also investigated the effect of feeding ethyl DGLA
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Fig. 2. Dose Effect of Dietary DGLA on the Fatty Acid Concentration in Rat Tissues.
Each value is the mean £ SD of seven determinations made on separate animals. Bars with asterisks show significant difference at p < 0.05
and with double asterisks are significantly different at p < 0.005. (A) liver; (B) serum; (C) brain. See Table 1 for abbreviations.

to rabbits on PG biosynthesis and platelet aggrega-
tions,!” while Knapp et al. have demonstrated that
dietary ethyl DGLA increased PGE; production in the
renal papilla of rabbits.'® As differences in the digestion
and lymphatic transport of fatty acids between those
given in the form of an ethyl ester and TG have already
been shown in rats,2 we tried to confirm the dietary
effect of DGLA in TG form in vivo.

In experiment 1, we compared the dietary effects of
DGLA with those of GLA on the fatty acid composition

of rat tissues. Dietary DGLA significantly increased the
DGLA concentration in the liver, serum, and brain
compared with dietary GLA (Tables 4, 5 and 6). These
results suggested that DGLA administration was more
effective for increasing the DGLA concentration in
tissues than GLA administration. It is therefore suggest-
ed that DGLA administration was more effective for
anti-platelet aggregation than GLA as shown in Fig. 1.
The alteration in the brain fatty acid composition was
smaller than that in the liver and serum, suggesting that
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the method and rate of DGLA incorporation into each
tissue were different. In experiment 2, the DGLA
concentration in the liver and serum was with increasing

20%

level of dietary DGLA (Figs. 2A and B). However there
was no significant difference between the DGLA 10%
and 20% groups in the AA concentration (Figs. 2A and
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B). On the contrary, the concentrations of 22:4n-6 and
22:5n-6 were increased with increasing dietary DGLA
(Fig. 2). These results suggest that the AA concentration
in the tissues was maintained constant in vivo. And oral
administration of DGLA-containing oil seemed not to
cause any large excess of AA concentration in vivo. The
decreased DHA concentration in rat tissues by admin-
istering DGLA might have been accompanied by the
increase in 22:5n-6.

AA is the precursor of PG of the 2-series such as
PGE,, leukotriene (LT) B4, LTC4, and LTD,4. PGE, is
known as a mediator of inflammation.?>-?? It has been
reported that there was a correlation between an
increased PGE, concentration and the risk of cancer
development.”3D On the other hand, PGE; converted
from DGLA has anti-inflammatory*?=** and anti-platelet
aggregation activities.*) It has been indicated that DGLA
and PGE; inhibited the synthesis of pro-inflammatory
mediators such as LTB4, LTC4, and LTD4.3® The
present study has shown that dietary DGLA significantly
increased the ratio of PGE,;/PGE, in rat plasma
(Fig. 3C). Knapp et al. have also demonstrated that
dietary ethyl DGLA increased PGE; production in
vitro.'® It was considered that the increase in PGE;/
PGE, ratio was accompanied by an increase in DGLA/
AA in rat tissues. Although the cellular synthesis of
PGE,; and PGE, by adding GLA, DGLA, or AA3® has
been reported, we have demonstrated here the increase
of PGE|/PGE, ratio in vivo by administering DGLA
in TG form. Therefore, dietary DGLA is expected to
demonstrate anti-inflammatory and anti-platelet aggre-
gation activities.

We also investigated the dietary effects of DGLA
on the mRNA levels of essential fatty acid desaturases.
We measured the mRNA expression of A6 desaturase,
which catalyzes the conversion from LA (18:2) to GLA
(n-6) and from «-linolenic acid (18:3) to 18:4 (n-3), and
of A5 desaturase which catalyzes the conversion from
DGLA to AA (n-6) and from 20:4 to EPA (n-3). A6
desaturase is the first and rate-limiting enzyme of PUFA
metabolism, and A5 desaturase plays an important role
in the metabolism of eicosanoid precursors such as
DGLA, AA, and EPA. Dietary DGLA significantly
reduced the mRNA expression of both A6 and A5
desaturases (Fig. 4). Since it has been reported that both
A6 and A5 desaturase expression was regulated by
SREBP-1 and PPAR«,?” we also measured the hepatic
mRNA expression of SREBP-1 and PPARa. DGLA
administration reduced the mRNA expression of those
(Fig. 5). Tang et al. have reported that dietary safflower
oil and fish oil suppressed the hepatic expression of A6
and A5 desaturases.®® They also indicated that the
PPAR« activator significantly enhanced the transcrip-
tion of hepatic A6 and A5 desaturases. The human A6
desaturase promoter has the ability to bind heterodimer
PPARGa-retinoic acid receptor X (RXR) «.?® Moreover,
DHA has the role of an agonist of RXRe, but not
AA. 340 While PUFA is well known to suppress the

mRNA of SREBP,*'**¥ it has not been much discussed
whether PUFA would affect the expression of PPAR
itself, and not its activation. Transcriptional regulation
of PPAR« gene expression is different between humans
and rodents. Whereas hPPARq« is regulated by hepato-
cyte nuclear factor 4o (HNF4a)* and bile acid via the
farnesoid X receptor (FXR),*® rodent PPAR« is regu-
lated by glucocortidoids.*” Mouse PPAR« transcription
is not stimulated by bile acids.*® However, a study using
HNF4«-deficient mice has demonstrated the significant-
ly lower PPARe¢ mRNA level compared than that in
wild-type mice.*® It also showed that PPAR« expression
was regulated by HNF4« in mice. On the other hand,
polyunsaturated fatty acyl coenzyme A has been re-
ported to suppress the glucose-6-phosphatase promoter
activity by inhibiting the binding of HNF4« to its
cognate site.*” Although we do not know why the
DGLA treatment decreased the PPARa¢ mRNA level
in our results, PUFA might be involved not only in
the activation, but also in the PPAR« level via HNF4a.
We did not examine the PPAR activation by DGLA;
however, our results in this study suggest that DGLA
suppressed the hepatic mRNA expression of A6 and A5
desaturases caused by the down-regulation of both
SREBP-1 and PPARw. Although it is not clear how
dietary GLA and DGLA controled the mRNA levels of
D5D and D6D, the decreased D5SD mRNA level in the
DGLA group could be explained by the fact that the AA
concentration in tissues did not increase much, even
when a high dose of DGLA was given.

In conclusion, the present study was demonstrated
that DGLA administration was more effective for
increasing the DGLA concentration within the body
than a GLA administration. Furthermore, dietary DGLA
increased not only the DGLA concentration, but also
the PGE; concentration and then the ratio of PGE;/
PGE, in vivo. Consequently, dietary DGLA is expect-
ed to demonstrate anti-inflammatory and anti-platelet
aggregation effects. It was also found that a DGLA
intake suppressed the hepatic mRNA expression of fatty
acid desaturases by down-regulating of SREBP-1 and
PPARo mRNA.

In spite of the difference between TG and ethyl esters
in digestion, our results shown here are similar to those
of previous studies using DGLA in the ethyl ester
form.'®!® Therefore, DGLA oil produced by a mutant
fungus is expected to be a useful and popular method
for providing DGLA.
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