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Abstract: Conjugated fatty acids are a promising ingredient
for cancer prevention and treatment. Conjugated fatty acids
are minor fatty acids that are rarely found in nature,
although a wide variety of structures are known. In recent
years, studies have been conducted to screen natural
products containing conjugated fatty acids and to synthesize
conjugated fatty acids using enzymes derived from natural
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Furthermore, it was found that parinaric acid, a conjugated

tetraenoic fatty acid, can be synthesized by adding o-linolenic acid to enzymes extracted from the brown
alga Padina arborescens Holmes. These research results are expected to be useful in securing conjugated
fatty acids in quantities that can withstand practical application. Recent studies have reported that the
cytotoxic effect of conjugated fatty acids is due to a programmed cell death called “ferroptosis”. Many
anticancer drugs exhibit anticancer activity through DNA modification, cell cycle arrest, angiogenesis
inhibition, and epidermal growth factor receptor inhibition. Conjugated fatty acids, however, induce cell
death through a mechanism distinct from these mechanisms and are therefore expected to be effective
against cancers resistant to currently used anticancer drugs. The results of these studies will help to promote
research on the use of conjugated fatty acids to overcome intractable cancers in the future.
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1 Introduction

Cancer is a major cause of death worldwide, making re-
search into its prevention and treatment is crucial”. Ensur-
ing healthy aging without disease is vital not only for main-
taining individual quality of life but also for supporting
social and economic progress. Therefore, ingredients that
are expected to have preventive or therapeutic effects on
cancer are actively studied® .

One example of a natural product with potential antican-
cer effects is conjugated fatty acids. Most naturally occur-
ring polyunsaturated fatty acids have a structure with a
methylene group intervening between cis-type double
bonds, whereas conjugated fatty acids contain a conjugated

double bond in their structure. Conjugated linoleic acid
(CLA)is among the most recognized conjugated fatty
acids. CLAs are geometric and positional isomers of linoleic
acid, characterized by their conjugated diene structure,
and are found in foods such as beef, milk, and other dairy
products™ . In 1985, Pariza et al. found antimutagenic
properties in hamburger extract, and the antimutagen was
shown to be CLA in 1987 . Since the cancer-preventive
properties of CLAs were first identified, conjugated fatty
acids have been extensively studied and have demonstrat-
ed various beneficial physiological activities, such as anti-
obesity, immunomodulatory, and bone-forming effects,
alongside their antitumor capabilities™ 81, However, the
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amount of CLA present in dietary foods is likely inadequate
to trigger these physiological effects' . Furthermore, the
naturally occurring CLA isomers exhibit relatively weak
physiological activity™ . Thus, it is important to identify
conjugated fatty acids that are more active than CLAs.
Conjugated linolenic acids (CLNs) exhibit stronger antitu-
mor effects compared to CLAs™. CLNs are conjugated tri-
enoic fatty acids that serve as geometric and positional
isomers of a-linolenic acid(a-LnA; 97,127,15%-18:3; Fig. 1).
CLNs are reported to exert cytotoxic effects by inducing
lipid peroxidation in human colon cancer cells(DLD-1) " W,

Though conjugated fatty acids are expected to be benefi-
cial for the prevention and treatment of cancer there are
very few reports of natural products containing conjugated
fatty acids. Since conjugated fatty acids are thought to
have great potential for the prevention and treatment of
cancer, the discovery of new natural products containing
conjugated fatty acids will contribute to the improvement
of people’s health and the prevention of disease. Therefore,
this review presents information about plant seeds contain-
ing CLNs, the synthesis of conjugated fatty acids using
natural product-derived enzymes, and findings on the anti-
cancer mechanism of conjugated fatty acids.

2 Plant Seeds Containing CLN

A variety of CLNs exist in nature (Fig. 1). Pomegranate
seed oil contains punicic acid(9Z,11E,13Z-18:3), while
catalpa seed oil contains catalpic acid (CPA;
9F,11E,132-18:3) . Karela seed oil and tung oil are sources
of a-eleostearic acid(a-ESA; 97,11E,13E-18:3) and
B-eleostearic acid (B-ESA; 9E,11E,13E-18:3) . Jacaranda
seed oil contains jacaric acid (82,10E,122-18:3), and calen-
dula seed oil provides both a-calendic acid
(8E,10E,12Z-18:3) and B-calendic acid (8E,10E,12E-18:3).
These are very interesting research subjects because the
carcinocidal effects are different on the isomer type”).
However, only a limited number of plants are known to
have CLNs in their seed oils' . Thus, the discovery and
study of new plants containing CLNs in their seeds would
be advantageous for cancer prevention. A recent study
screened various medicinal and edible herbs for CLNs-con-
taining seeds and found that several species in the Valeri-
anaceae family contained CLNs'”. A simple method for de-
tecting the presence of CLN in seed oils is to measure the
UV spectra of total lipids from seed oils. If the fatty acid
has a conjugated triene structure in its structure, three ab-
sorption peaks around 270 nm are observed". In the study
measuring the UV spectra of various herb seed oils, three
absorption peaks were observed around 270 nm in the seed
oils of Centranthus ruber and Valeriana officinalis (Fig.
2). A useful method to confirm the presence or absence of
conjugated fatty acids for lipids in detail is the comparison
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Fig. 1 Chemical structures of alpha-linolenic acid (a-LnA)
and various conjugated fatty acids.

of retention times by gas chromatography (GC) analysis and
fragmentation analysis by GC-MS analysis”*lg). When fatty
acids are analyzed by GC, it is common practice to methyl
esterify the carboxylic acid portion of fatty acids'”.
However, when estimating the structures of fatty acids that
are similar to each other, such as CLNs, the fragments ob-
tained from methyl esters cannot identify the exact loca-
tion of unsaturated bonds. Therefore, the double bond po-
sitions of fatty acids can be estimated by dimethyloxazoline
(DMOX) derivatization of fatty acids'® """ .

For example, in previous reports analyzing the fatty acid
composition of Centranthus ruber or Valeriana officina-
lis seed oils, the results of the GC analysis of the seed oils
were compared to the retention times of conjugated fatty
acid samples. To confirm that the obtained peak corre-
sponds to a-ESA in the peaks where the retention time
matched that of the a-ESA standard, the position of the
double bond was determined by analyzing the GC-EI/MS
spectra of the DMOX derivatives of the fatty acids. These
analyses confirmed the presence of a-ESA in these seed
oils (Fig. 3). The GC-EI/MS spectrum of the DMOX deriva-
tive of the compound showed a molecular ion with an m/z
ratio of 331, along with fragments at m/z 196 and 274, re-
sulting from allylic cleavage of the fatty acid chain. The
mass spectrum also showed differences of 12 mass units
between the fragments at m/z 196 and 208, 222 and 234,
and 248 and 260, suggesting the presence of conjugated
double bonds at carbon positions 9, 11, and 13. Since all
other fatty acids with double bonds at these positions
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(whose structures are described in Fig. 1)had retention
times different from that of a-ESA (data not shown), the
peak in question was identified as a-ESA. Similarly, CLNs
other than a-ESA can be identified by analysis of DMOX
derivatives. Finally, a-ESA, B-ESA and CPA were present
in the seed oils of Centranthus ruber, and a-ESA and
B-ESA were also found to be present in the seed oil of Va-
leriana officinalis™ .

As shown in Table 1, o-ESA and B-ESA were present in
the seed oils of Momordica charantia, Centranthus

Alchemilla vulgaris

Arnica unalaschcensis Centranthus ruber

ruber, and Valeriana officinalz’sw. For reference, the
analysis of Momordica charantia seed oil, in which the
presence of conjugated fatty acids is already known, is also
presented (Table 1). In terms of fatty acid composition,
Centranthus ruber seed oil contained 79.1 mg a-ESA/g
lipids, 19.2 mg CPA/g lipids, and 237.1 mg B-ESA/g lipids,
while Valeriana officinalis seed oil contained 225.0 mg
a-ESA/g lipids and 7.1 mg of B-ESA/g lipidsm) . Notably, the
B-ESA content in Centranthus ruber seed oil was much
higher than in the other seed oils". Therefore, Centran-

Cynara scolymus

1.0 1.01
0.84 0.81
0.6+ 0.64
"] ]
£ E-)
< <

0.4+

0.2

Abs

0.4

0.2

;ﬁ

0
200 220 240 260 280 300

nm

Echinops ritro

1.0 1.0
0.8 0.8
0.6 0.6
9
Qo

0.4

0.2

Abs

=

01
200 220 240 260 280 300

~

0
200 220 240 260 280 300
nm

Hypericum perforatum

Abs

0.4

0.2

o

04
200 220 240 260 280 300

nm nm
Persicaria tinctoria Salvia officinalis

1.0 1.0,

0.8 0.8-

0.6 0.6-
0 [ ]
E=1 2 o
< < <

0.4

0.2

0.44

0.24

K

1.0; 1.0;
0.84 0.8
0.64 061
<
0.41 0.41
0.24 0.2

0

200 220 240 260 280 300

nm
Hyssopus officinalis

1.0

0.8 0.84

0.6 ” 0.6
<

0.4 0.44

0.2 0.24

0.

0 T —————
200 220 240 260 280 300
nm

Melilotus officinalis
1.0

0
200 220 240 260 280 300
nm

Sanguisorba minor
1.0

0.8 4 0.8
0.6 4 006
2
0.4 0.4
0.24 0.2

W

0
200 220 240 260 280 300

0
200 220 240 260 280 300

nm nm
Symphytum officinale Valeriana officinalis
1.0 1.0
0.8+ 0.8
w0£- m0£ ”
< < <
0.44 0.4
0.2 0.2

0
200 220 240 260 230 300
nm

Verbascum thapsus
1.0
0.8
0.6
0.4

0.2

i

Fig.2 UV spectra of total lipids in various herb seeds. Centranthus ruber seed oil and Valeriana officinalis seed oil have

0
200 220 240 260 280 300

nm

0
200 220 240 260 280 300
nm

0 -
200 220 240 260 280 300
nm

characteristic absorption of the conjugated triene structure around 270 nm.

J. Oleo Sci. 74, (3)

241-249 (2025)

200 220 240 260 280 300
nm

Satureja hortensis
1.0

0]
200 220 240 260 280 300
nm



T. Honma

%
25 113126 331
o
i 288
> 182 12
mu
TU' 12mu 12mu 274
5 302
(4 168 234
222 260 316
’ ‘ 196208 248 ‘
\|\ bt L n‘l|1‘ ‘m ||HH| Ll |.||‘\‘ ‘H L || : ‘. L Il
50 100 150 200 250 300 350

m/z

Fig. 3 GC-EI/MS spectrum of DMOX derivatives of compound (determined as a-ESA).

Table 1 Lipid contents and fatty acid compositions of
seeds obtained from Centranthus ruber,
Valeriana officinalis, and Momordica

charantia.
C. ruber V. officinalis M. charantia
total lipid contents (% of the wet weight)
31.6%£1.5 275%1.2 41.5%0.5
fatty acids (mg/g lipids)
C16:0 49.6*1.3 42.1+2.8 21.6%1.5
C18:0 33.8%€1.0 15.9+0.7 379.6*+27.3
C18:1 542%0.7 72559 25.8%9.1
Cl18:2 377.5%£6.8 512.1%34.5 43.0+11.9
Cl18:3 N.D. 6.9=0.4 N.D.
o-ESA 79.1£1.9 225.0%15.1 418.1+65.2
CPA 19.2%0.8 N.D. N.D.
B-ESA 237.1+6.2 7.1£0.8 1.4*0.4

Total CLN 335.4%8.2 232.1+15.5 419.5+65.6

others 6.9*1.0 18.4%1.5 36.1£10.3

a-ESA; a-eleostearic acid, CPA; catalpic acid, B-ESA;
B-eleostearic acid, n = 3, mean = SD, N.D.; not detected.

thus ruber seed oil may be very useful as a research mate-
rial in obtaining large amounts of B-ESA at low cost. Mo-
mordica charantia seed oil is rich in stearic acid (C18:0)
as well as CLNs. In contrast, Centranthus ruber and Vale-
riana officinalis seed oils are rich in linoleic acid (C18:2)
in addition to CLNs and are likely to have lower melting
points than Momordica charantia seed oil'”. Thus, al-
though the CLNs content of Centranthus ruber and Vale-
riana officinalis seed oils is lower than that of Momordi-
ca charantia, they may be less likely to solidify in the
human body and may be more readily absorbed in the
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small intestine™ . The absorption efficiencies of the CLNs
from the seed oils of Centranthus ruber, Valeriana offi-
cinalis, and Momordica charantia warrant further inves-
tigation.

3 Synthesis of Conjugated Fatty Acids Using

Enzymes from Seaweeds

Seaweeds contain lipids in trace amounts, and polyun-
saturated fatty acids are present. In addition, minor fatty
acids are present in certain seaweeds, such as conjugated
eicosapentaenoic acid and conjugated docosaheptaenoic
acid® % Additionally, Ptilota filicina, a species belonging
to the Rhodophyta group, has been reported to contain
conjugated trienoic eicosapentaenoic acid®.

In a recent study, lipid analysis of various species of sea-
weeds from the seas around Japan was conducted to iden-
tify new natural products containing conjugated fatty
acids®. As shown in Fig. 4, the absorption maxima of the
lipids extracted from Padina arborescens Holmes were
consistent with the absorption maxima of conjugated tet-
raenoic fatty acids® at 291, 307, and 322 nm, indicating the
presence of conjugated tetraenoic fatty acids in Padina
arborescens Holmes.

However, lipids in seaweeds are generally not very abun-
dant, and the conjugated fatty acids in Padina arbores-
cens Holmes are expected to be negligible. Thus, extract-
ing conjugated tetraenoic fatty acids from Padina
arborescens Holmes may not be feasible for practical ap-
plications. Previous studies have reported that Ptilota
filicina (Rhodophyta) , Lithothammnion corallioides (Rho-
dophyta) and Anadyomene stellata (Chlorophyta) contain
enzymes capable of converting non-conjugated polyunsatu-
rated fatty acids into conjugated fatty acids®™ * %) The
enzyme in Padina arborescens Holmes was likewise
shown to convert nonconjugated polyunsaturated fatty

J. Oleo Sci. 74, (3) 241-249 (2025)



Discovery and Synthesis of Conjugated Fatty Acids

Phaeophyta

Padina

Sargassum Sargassum Sargassum Sargassum
Lol fusiforme macrocarpum siliquastrum thunbergii
4.09 Holmes 4.0+ 4.0 P 4.0 q 4.0 9
3.0+ 3.04 3.0 3.0+ 3.04
(2]
! z.o-/\-«/\/\\ 2.04 2.04 2.o-v z.o-v
1.0 1.0-'\/“ 1.0+ 1.0+ 1.0+
0 r—r—r— 0 gy () yp——p—— () r————— 0 ——
250 270 290 310 330 350 250 270 290 310 330 350 250 270 290 310 330 350 250 270 290 310 330 350 250 270 290 310 330 350

nm nm nm nm nm
Chlorophyta
Codium Monostroma
4.0- fragile 4.0- nitidum
3.0 3.0
(2
< 2'0.\\/ 2'0.\”
1.0+ 1.04
0 y———— —Tr—TT
250 270 290 310 330 350 250 270 290 310 330 350
nm nm
Rhodophyta
Chondrus ‘e . . . L
Gelidium Gloiopeltis Laurencia Prionitis
verrucosus elegans furcata intermedia crispate
409 Mikami 4.0 g 4.01 4.01 4.0n P
3.04 3.04 3.04 3.0 3.04
n
2 2.0+ 2.0+ 2.0+ 2.0 2.04
<
1.0 1-0'\—\ 1.04 1'0'\\_-4-—- 1'0'~_’\¥_\
[ —————
O  (—r—r———  (—r———  (————— (—r—r—r—r—y
250 270 290 310 330 350 250 270 290 310 330 350 250 270 290 310 330 350 250 270 290 310 330 350 250 270 290 310 330 350

nm nm

nm nm nm

Fig.4 UV spectra of total lipids in different seaweed species. Absorption maxima characteristic of conjugated tetraene
structures have been observed in Padina arborescens Holmes.

acids to conjugated fatty acids®. Specifically, parinaric

acid (PA, Fig. 1), a conjugated tetraene fatty acid, was syn-
thesized by adding a-LnA as a substrate to a crude enzyme
solution extracted from Padina arborescens Holmes (Fig.
5).

As mentioned above, CLNs with a conjugated triene
structure are well known as a conjugated fatty acid with
anticancer activity'*”. On the other hand, few studies

have explored the cancer-preventive effects of conjugated
tetraenoic fatty acids. However, since PA has been reported
to exert cytotoxic effects™ 29), conjugated tetraenoic fatty
acids are also anticipated to be valuable for cancer preven-
tion and treatment. Thus, identifying various conjugated
tetraenoic fatty acids is crucial for future research.
Conjugated tetraenoic fatty acids, which have been pre-
viously reported to be synthesized using seaweeds other
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a-LnA reactants were obtained from a lipid fraction following incubation with a Padina arborescens chloroplast
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with a chloroplast fraction without pre-heating. a-LnA reactant (heated): a-LnA reactant obtained from o-LnA
incubated with the pre-heated chloroplast fraction (95C, 10 min).

than Padina arborescens Holmes, are thought to be dif-
ferent from PA* 25), suggesting that the enzyme involved in
this study is different from those previously reported. The
structure of conjugated tetraenoic fatty acids in Padina
arborescens Holmes has not been identified because the
content is too low. However, it is possible that conjugated
tetraenoic fatty acids other than PA are synthesized using
other polyunsaturated fatty acids besides a-LnA as sub-
strates. In the future, it may be possible to discover conju-
gated fatty acids with stronger cytotoxic effects. This could
be achieved by testing whether enzymes from Padina ar-
borescens Holmes can synthesize fatty acids distinct from
PA using other polyunsaturated fatty acids as substrates.
Additionally, it is essential to investigate whether similar
enzymes are present in other seaweeds. Such discoveries
could enable the synthesis of new or lesser-known conju-
gated fatty acids using enzymes from these seaweeds.
Certain seaweeds produce several types of polyunsatu-
rated fatty acid isomerases, which are used to synthesize
conjugated polyene fatty acids. These isomerases can syn-
thesize many types of conjugated fatty acids, and gaining a
better understanding of these enzymes could significantly
advance research on the antitumor effects of conjugated
fatty acids. Conjugated fatty acids are reportedly synthe-
sized through enzymatic reactions in the seeds of terrestri-
al plants™ Y A method for the mass production of a target
enzyme through the transfection of microorganisms using
an enzyme gene has been previously reported™ %) Since
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the polyenoic fatty acid isomerase from Ptzlota filicina
has reportedly been expressed in Arabidopsis through
¢DNA cloning technology®”, it may be possible to synthe-
size conjugated fatty acids in large quantities via genetic
engineering for practical applications. In future research
on the synthesis of conjugated tetraene fatty acids, purify-
ing the enzyme from conjugated fatty acid-containing sea-
weeds such as Padina arborescens Holmes will be a key
step. If its nucleic acid and amino acid sequences can also
be determined, large-scale synthesis of conjugated tetraene
fatty acids may become feasible. This advancement is ex-
pected to contribute to practical applications.

4 Anticancer Effect of Conjugated Fatty Acid

Previous reports have shown that CLA inhibits cancer
cell proliferation and CLN induces cell death against cancer
cells™ . Furthermore, it has been reported that oral admin-
istration of CLN inhibits tumor growth in tumor-induced
mice™ ', The mechanism by which conjugated fatty acids
induce cell death has not been clearly understood. Recent-
ly, however, it has been reported that CLN induces a necro-
sis-like programmed cell death, called ferroptosis, in cancer
cells, attracting much attention™ . Ferroptosis is consid-
ered to be cell death induced by the lipid peroxidation re-
action of cell membranes, which is triggered by the action
of reactive oxygen species and iron ions in the cell’™ ¥

J. Oleo Sci. 74, (3) 241-249 (2025)
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This mechanism is quite different from many currently
used anticancer drugs. For example, platinum-containing
drugs like cisplatin, a typical anticancer drug, induce apop-
tosis by forming cross-links in cellular DNA strands and in-
hibiting DNA replication”_m. In addition, vincristine
induces cell death by arresting the cell cycle®* >, and beva-
cizumab exerts its anticancer effects by inhibiting angio-
genesis44>. Cetuximab also exhibits anticancer activity by
binding to the epidermal growth factor receptor’®*”. In
contrast, CLN induces ferroptosis by targeting the cell
membrane” *” . Further studies are needed to investigate
the resistance of various cancer cells to ferroptosis.
However, it is anticipated that even apoptosis-resistant
cancer cells may not exhibit resistance to ferroptosis
induced by conjugated fatty acids. Consequently, conjugat-
ed fatty acids could potentially induce cell death in cancers
that are resistant to conventional anticancer drugs. Previ-
ous studies have reported that ferroptosis-sensitive malig-
nant breast cancer cells (MDA-MB-231) are more suscepti-
ble to cell death induced by conjugated fatty acids than
breast cancer cells with relatively low ferroptosis sensitivity
(MCF-7)*". Therefore, conjugated fatty acids may be ex-
pected to be effective against cancer cells that have been
difficult to treat. Future research is needed on this point.

5 Conclusion

Conjugated fatty acids are fatty acids with an intramo-
lecular conjugated double bond and are attracting attention
for their anticancer effects. Although conjugated fatty
acids are known to have a wide variety of structures, they
are minor fatty acids that are rarely found in nature. In a
recent study, by screening plant seeds, seed oils of Cen-
tranthus ruber and Valeriana officinalis belonging to
the Valerianaceae family were found to contain CLN. Fur-
thermore, it was found that PA, a conjugated tetraenoic
fatty acid, can be synthesized by adding a-LnA to enzymes
extracted from the brown alga Padina arborescens
Holmes. This method is expected to enable verification of
the anticancer effects through the synthesis of various
conjugated fatty acids, which have been difficult to obtain
from natural products so far. Furthermore, if mass synthe-
sis becomes possible, practical application of this method
is also in sight. Recent study has reported that the cytotox-
ic effect of conjugated fatty acids is due to ferroptosis.
Therefore, conjugated fatty acids are expected to be effec-
tive against apoptosis-resistant cancers. The results of
these studies will help to promote research on the use of
conjugated fatty acids to overcome intractable cancers in
the future.

Acknowledgement

[ am grateful to Professor Toshihide Suzuki and Associ-
ate Professor Kayoko Kita (Teikyo University) for their su-
pervision and support. I would also like to thank the co-au-
thors of previous studies. This research was partly
supported by the JSPS KAKENHI Grant-in-Aid for Young
Scientists (B) (Grant Number 17K15278)and the JSPS
KAKENHI Grant-in-Aid for Early-Career Scientists (Grant
Number 20K15472).

References

1) Torre, L.A.; Bray, F.; Siegel, R.L.; Ferlay, J.; Lortet-
Tieulent, J.; Jemal, A. Global cancer statistics, 2012.
CA Cancer J. Clin. 65, 87-108(2015).

2) Simmons, T.L.; Andrianasolo, E.; McPhail, K.; Flatt, P;;
Gerwick, W.H. Marine natural products as anticancer
drugs. Mol. Cancer Ther. 4, 333-342(2005).

3) Johnson, J.J.; Mukhtar, H. Curcumin for chemopreven-
tion of colon cancer. Cancer Lett. 255, 170-181
(2007).

4) Tang, FY.; Cho, H.J.; Pai, M.H.; Chen, Y.H. Concomi-
tant supplementation of lycopene and eicosapentae-
noic acid inhibits the proliferation of human colon
cancer cells. J. Nutr. Biochem. 20, 426-434(2009).

5) Ha, Y.L.; Grimm, N.K.; Pariza, M.W. Anticarcinogens
from fried ground beef: Heat-altered derivatives of lin-
oleic acid. Carcinogenesis 8, 1881-1887(1987) .

6) Zlatanos, S.N.; Laskaridis, K.; Sagredos, A. Conjugated
linoleic acid content of human plasma. Lipids Health
Dis. 7,34(2008).

7) Pariza, M.W.; Hargraves, W.A. A beef-derived mutagen-
esis modulator inhibits initiation of mouse epidermal
tumors by 7,12-dimethylbenz[alanthracene. Carcino-
genesis 6, 591-593 (1985).

8) Ip, C.; Chin, S.F,; Scimeca, J.A.; Pariza, M.W. Mammary
cancer prevention by conjugated dienoic derivative of
linoleic acid. Cancer Res. 51, 6118-6124(1991).

9) Azain, M.J. Role of fatty acids in adipocyte growth and
development. J. Anim. Sci. 82, 916-924(2004) .

10) O’Shea, M.; Bassaganya-Riera, J.; Mohede, I1.C. Immu-
nomodulatory properties of conjugated linoleic acid.
Am. J. Clin. Nutr. 79, 1199S-1206S (2004) .

11) Kelly, O.; Cashman, K.D. The effect of conjugated lin-
oleic acid on calcium absorption and bone metabolism
and composition in adult ovariectomised rats. Prosta-
glandins Leukot. Essent. Fatty Acids 71, 295-301
(2004).

12) Honma, T.; Sato, K.; Shinohara, N.; Ito, J.; Arai, T.; Kiji-
ma, R.; Sugawara, S.; Jibu, Y.; Kawakami, Y.; Nosaka,
N.; Aoyama, T.; Tsuduki, T.; Ikeda, I. Consideration
about the intake of conjugated linoleic acid in the Jap-
anese. J. Jpn. Soc. Food Sci. 59, 63-68(2012).

247

J. Oleo Sci. 74, (3) 241-249 (2025)



13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

248

T. Honma

Tsuzuki, T.; Tokuyama, Y.; Igarashi, M.; Miyazawa, T.
Tumor growth suppression by alpha-eleostearic acid, a
linolenic acid isomer with a conjugated triene system,
via lipid peroxidation. Carcinogenesis 25, 1417-1425
(2004).

Shinohara, N.; Tsuduki, T.; Ito, J.; Honma, T.; Kijima, R.;
Sugawara, S.; Arai, T.; Yamasaki, M.; Ikezaki, A.; Yo-
koyama, M.; Nishiyama, K.; Nakagawa, K.; Miyazawa,
T.; Tkeda, 1. Jacaric acid, a linolenic acid isomer with a
conjugated triene system, has a strong antitumor ef-
fect in vitro and in vivo. Biochim. Biophys. Acta
1821, 980-988(2012).

Suzuki, R.; Arato, S.; Noguchi, R.; Miyashita, K.;
Tachikawa, O. Occurrence of conjugated linolenic acid
in flesh and seed of bitter gourd. J. Oleo Sci. 50, 753-
758(2001).

Honma, T.; Shiratani, N.; Banno, Y.; Kataoka, T.; Kimu-
ra, R.; Sato, I.; Endo, Y.; Kita, K.; Suzuki, T.; Takay-
anagi, T. Seeds of Centranthus ruber and Valeriana
officinalis contain conjugated linolenic acids with re-
ported antitumor effects. J. Oleo Sci. 68, 481-491
(2019).

Igarashi, M.; Tsuzuki, T.; Kambe, T.; Miyazawa, T. Rec-
ommended methods of fatty acid methylester prepara-
tion for conjugated dienes and trienes in food and bio-
logical samples. J. Nutr. Sci. Vitaminol. (Tokyo) 50,
121-128(2004) .

Kijima, R.; Honma, T.; Ito, J.; Yamasaki, M.; Ikezaki, A.;
Motonaga, C.; Nishiyama, K.; Tsuduki, T. Jacaric acid
is rapidly metabolized to conjugated linoleic acid in
rats. J. Oleo Sci. 62, 305-312(2013).

Tsuzuki, T.; Igarashi, M.; Komai, M.; Miyazawa, T. The
metabolic conversion of 9,11,13-eleostearic acid (18:3)
to 9,11-conjugated linoleic acid (18:2)in the rat. J.
Nuir: Sci. Vitaminol. (Tokyo) 49, 195-200 (2003) .
Hashim, S.A.; Babayan, V.K. Studies in man of partially
absorbed dietary fats. Am. J. Clin. Nutr. 31, S273-
S276(1978).

Shin, K.S.; Lee, J.H. Melting, crystallization, and in vi-
tro digestion properties of fats containing stearoyl-rich
triacylglycerols. Molecules 27, 191(2021).

Lopez, A.; Gerwick, W.H. Two new icosapentaenoic ac-
ids from the temperate red seaweed Ptilota filicina J.
Agardh. Lipids 22, 190-194 (1987)..

Mikhailova, M.V.; Bemis, D.L.; Wise, M.L.; Gerwick,
W.H.; Norris, J.N.; Jacobs, R.S. Structure and biosyn-
thesis of novel conjugated polyene fatty acids from the
marine green alga Anadyomene stellata. Lipids 30,
583-589(1995).

Ito, H.; Honma, T.; Tabata, H.; Koyama, T.; Ueno, S.;
Kita, K.; Suzuki, T. Enzyme from Padina arborescens
Holmes synthesizes parinaric acid, a conjugated tet-
raenoic fatty acid, from alpha-linolenic acid. J. Oleo
Sci. 73, 743-749(2024) .

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

Hamberg, M. Metabolism of 6,9,12-octadecatrienoic
acid in the red alga Lithothamnion corallioides:
Mechanism of formation of a conjugated tetraene fatty
acid. Biochem. Biophys. Res. Commun. 188, 1220-
1227(1992).

Wise, M.L.; Hamberg, M.; Gerwick, W.H. Biosynthesis
of conjugated triene-containing fatty acids by a novel
isomerase from the red marine alga Ptilota filicina.
Biochemistry 33, 15223-15232(1994) .

Igarashi, M.; Miyazawa, T. Newly recognized cytotoxic
effect of conjugated trienoic fatty acids on cultured
human tumor cells. Cancer Lett. 148, 173-179(2000).
Cornelius, A.S.; Yerram, N.R.; Kratz, D.A.; Spector, A.A.
Cytotoxic effect of cis-parinaric acid in cultured malig-
nant cells. Cancer Res. 51, 6025-6030(1991).

Zaheer, A.; Sahu, S.K.; Ryken, T.C.; Traynelis, V.C. Cis-
parinaric acid effects, cytotoxicity, c-Jun N-terminal
protein kinase, forkhead transcription factor and Mn-
SOD differentially in malignant and normal astrocytes.
Newrochem. Res. 32, 115-124(2007).

Bhaskar, N.; Kinami, T.; Miyashita, K.; Park, S.B.;
Endo, Y.; Fujimoto, K. Occurrence of conjugated poly-
enoic fatty acids in seaweeds from the Indian Ocean. Z.
Naturforsch. C, J. Biosci. 59, 310-314(2004).

Dyer, J.M.; Chapital, D.C.; Kuan, J.C.W.; Mullen, R.T;
Turner, C. et al. Molecular analysis of a bifunctional
fatty acid conjugase/desaturase from tung. Implica-
tions for the evolution of plant fatty acid diversity.
Plant Physiol. 130, 2027-2038(2002) .

Urbanikova, V.; Park, Y.K.; Krajciova, D.; Tachekort, M.;
Certik, M. et al. Yarrowia lipolytica as a platform for
punicic acid production. Int. J. Mol. Sci. 24, 8823
(2023).

Kamitori, S.; Hirotsu, K.; Higuchi, T.; Kondo, K.; Inoue,
K. et al. Overproduction and preliminary X-ray charac-
terization of aspartate aminotransferase from Esche-
richia coli. J. Biochem. 101, 813-816 (1987).

Zheng, W.; Wise, M.L.; Wyrick, A.; Metz, J.G.; Yuan, L.;
Gerwick, W.H. Polyenoic fatty acid isomerase from the
marine alga Ptilota filicina: Protein characterization
and functional expression of the cloned cDNA. Arch.
Biochem. Biophys. 401, 11-20(2002).

Beatty, A.; Singh, T.; Tyurina, Y.Y.; Tyurin, V.A.; Samov-
ich, S. et al. Ferroptotic cell death triggered by conju-
gated linolenic acids is mediated by ACSL1. Nat. Com-
mun. 12,2244(2021).

Do, Q.; Zhang, R.; Hooper, G.; Xu, L. Differential con-
tributions of distinct free radical peroxidation mecha-
nisms to the induction of ferroptosis. JACS Au 3,
1100-1117(2023).

Dixon, S.J.; Lemberg, K.M.; Lamprecht, M.R.; Skouta,
R.; Zaitsev, E.M. et al. Ferroptosis: An iron-dependent
form of nonapoptotic cell death. Cell 149, 1060-1072
(2012).

J. Oleo Sci. 74, (3) 241-249 (2025)



38)

39)

40)

41)

42)

43)

44)

Discovery and Synthesis of Conjugated Fatty Acids

Mbah, N.E.; Lyssiotis, C.A. Metabolic regulation of fer-
roptosis in the tumor microenvironment. J. Biol.
Chem. 298, 101617 (2022).

Dasari, S.; Tchounwou, P.B. Cisplatin in cancer thera-
py: Molecular mechanisms of action. Eur. J. Pharma-
col. 740, 364-378(2014).

Wagner, J.M.; Karnitz, L.M. Cisplatin-induced DNA
damage activates replication checkpoint signaling
components that differentially affect tumor cell sur-
vival. Mol. Pharmacol. 76, 208-214(2009) .
Donaldson, K.L.; Goolsby, G.L.; Wahl, A.F. Cytotoxicity
of the anticancer agents cisplatin and taxol during cell
proliferation and the cell cycle. Int. J. Cancer 57,
847-855(1994).

Kothari, A.; Hittelman, W.N.; Chambers, T.C. Cell cy-
cle-dependent mechanisms underlie vincristine-in-
duced death of primary acute lymphoblastic leukemia
cells. Cancer Res. 76, 3553-3561(2016) .

Tu, Y,; Cheng, S.; Zhang, S.; Sun, H.; Xu, Z. Vincristine
induces cell cycle arrest and apoptosis in SH-SY5Y hu-
man neuroblastoma cells. Int. J. Mol. Med. 31, 113-
119(2013).

Garcia, J.; Hurwitz, H.I.; Sandler, A.B.; Miles, D.; Cole-

45)

46)

47)

man, R.L. et al. Bevacizumab (Avastin (R) )in cancer
treatment: A review of 15 years of clinical experience
and future outlook. Cancer Treat. Rev. 86, 102017
(2020).

Brand, T.M.; Iida, M.; Wheeler, D.L. Molecular mecha-
nisms of resistance to the EGFR monoclonal antibody
cetuximab. Cancer Biol. Ther. 11, 777-792(2011).
Cai, W.Q.; Zeng, L.S.; Wang, L.F.; Wang, Y.Y.; Cheng, J.T.
et al. The latest battles between EGFR monoclonal an-
tibodies and resistant tumor cells. Front. Oncol. 10,
(2020).

Zhang, Z.; Lu, M.; Chen, C.; Tong, X.; Li, Y. et al. Holo-
lactoferrin: The link between ferroptosis and radio-
therapy in triple-negative breast cancer. Theranostics
11, 3167-3182(2021).

CC BY 4.0 (Attribution 4.0 International). This
license allows users to share and adapt an article,
even commercially, as long as appropriate credit is

given. That is, this license lets others copy, distrib-
ute, remix, and build upon the Article, even com-

mercially, provided the original source and Authors
are credited.

249

J. Oleo Sci. 74, (3) 241-249 (2025)



