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The incidence of colon cancer. one of the most common
malignancies in the Westem world. is increasing and there is
increasing urgency to develop strategies to prevent this
disease. With regard to prevention. diet. particularly decreased
consumption of fat, has drawn considerable attention in
recent vears.'

Conjugated linoleic acid (CLA) is a naturally occurring
substance in food sources. consisting of a mixture of
positional and geometric isomers. The predominant isomer
of CLA in animal tissues is 9Z.11E (1): smaller amounts of
10E.12Z (2) also occur. CLA has been shown both in vitro
and in animal models to have strong anti-tumor activity.” [n
our previous study. we have utilized a commercial CLA*
consisting of a mixture of the (9Z.11E) and (10E.12Z7)-
octadecadiencic acid. to examine whether the CLA mixture
inhibits the growth of Caco-2 cells. a human colon cancer
cell line.” We observed that the CLA mixture inhibited cell
growth. and both isomers were incorporated in significant
amounts in the membranes of Caco-2 cells.
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The mechanisms by which CLA exerts the anticarcinogenic
effect have not been completely elucidated. Stmucturally
CLA belongs to the family of linoleic acids. the parent
compound of arachidonic acid. and thus availability of CLA
in the cell seems to affect the endogenous production of
arachidonic acid-related compounds and their metabolites.
Arachidonic acid is the substrate in the biosynthesis of
prostaglandins (PG) and leukotrienes (LT) that control many
physiological and pathophysiological consequences of the
body including tumorigenesis.” We observed that CLA
markedly increased material reactive with the antibodies
against PGE.. and LTB. determined by a competitive
enzyme immunoassay. in a dose-dependent manner.* These
results suggested that the inhibition of Caco-2 cell prolife-
ration by CLA was attributed to a new compound increased
by CLA treatments. We report herein the isolation. identifi-
cation and svnthesis of the newly formed compound from
the medium treated with CLA.

To isolate the newly formed compound(s) which reacts

with PGE: and LTB, antisera. cells were incubated in serum-
free medium containing 50 yM CLA. and the conditioned
media were collected. The conditioned media were acidified
with glacial acetic acid. and eicosanoid-like material(s) was
extracted with ethyvl acetate, concentrated. and separated by
column chromatography (CH;OH-CHCI; 1 : 9) onssilica gel.
TLC analysis of the ethyl acetate-extract revealed three
spots. and the major spot showing at 0.52 in Ry value
(CHiOH-CHCl; 1 : 9) was isolated using the flash column
chromatography. The amount of other minor two spots on
the TLC plate was relatively too small to isolate. The
resulting white solid was recrystallized from ethanol and its
melting point was determined to be 74-75 °C. High
resolution mass spectrometry (HRMS) of this isolated
material showed a formula of Ci«H3:NO with apparent mass
peak at 281.2714 compared to the expected exact mass of
281.2719 for this formula. The IR (CCl,) gave two signals at
3519 (asvymmetric stretching of N-H) and 3409 (symmetric
stretching of N-H) with a strong signal at 1660 (amide C=0)
cm™'. indicative of a primary amide. Additionally, the IR
(KBr) showed a typical spectrum which indicated the H-
bonded N-H stretching of primary amide at 3360 and 3191
cm™. The '"H NMR (CDCl.. 400 MHz) showed two NH
protons at 5.87 and 3.52 ppm and two olefin protons at 5.33
ppm as a multiplet. and '"*C NMR data indicated one
carbonyl carbon at 175.9 ppm and two olefin carbons at
130.0 and 129.7 ppm. We previously identified that the
compound was oleamide from the spectroscopic data.*®

In order to prove the exact structure and activity of this
compound, we synthesized the oleamide 3 from the oleic
acid 4.”* Oxalyl chloride (3 equiv) was added slowly to a
solution of oleic acid in CH-Cl- at 0 °C and stirred for 4 h at
room temperature. The reaction mixture was concentrated
under reduced pressure. cooled to 0 °C, treated with satu-
rated aqueous NH,OH for 5 min. and extracted with EtOAc.

O
1) (CICO),

—_— -

2) NH,OH

o
7 NH,



1374 Bull. Korean Chem. Soc. 2002, Vol. 23, No. 10

The organic laver was dried. concentrated and chromato-
graphed (EtOAc: hexane=1:2) to give the oleamide in
75% vield. This anthentic oleamide showed the exact match
in every respect with the isolated product from the condi-
tioned medium.

To detenmine whether the svnthetic oleamide inhibits Caco-2
cell growth, cells were incubated in serum-free medium in
the absence or presence of different concentrations of the
oleamide. The concentrations of oleamide used for this
experiment were actual levels observed in our previous
experiment.” In that study Caco-2 cells were cultured in the
absence or presence of 30 M CLA. and six-fold increases
in oleamide concentration (600 gM) were observed in the
media conditioned by Caco-2 cells treated with CLA
compared to those with control (100 uM). As shown in
Table 1. the addition of oleamide in culture media resulted in
decreased cell number in a concentration dependent manner
within 24 hours.

However. oleamide did not inhibit growth of [EC-6 cells. a
rat intestinal normal epithelial cell line as shown in Table 2.

Table 1. Eftects of svnthetic oleamide on cell numbers (x 10) ")

Oleannde Coneentration (M)

0 130 200 600

0 hr 98 . 24 98L ¢ 98- 27 98]L 2¢
24 hr 1381 2° 3300 R0_ 3 611 4¢
48 hr 216- 7 172 4% R8_ 3¢ 0L 4

Caco-2 cells were plated in 12-well plates at 80.000 cellsiwell in
DMEM T12 supplemented with 10% fetal bovime serum. One day Tater.
the monolavers were serum-starved with scrum-tree DMEM T2
supplemented with 3 gg mL translerrin and 3 ng niL selenium lor 24
hours. Aller serum starvation. cells were incubated in serum-lree
medium contaimng 0. 100, 300 or 600 uM olcamide and cell numbers
were deternmned using a hemacytometer. Fach value represents the mean
I SEM {n - 6). Values with diflerent superscripts (e.g.. a ¥s. b, b vs ¢,
ele.} wilhin each row are statistically differentat p - 0.03.

Table 2, Lllect of oleamide on viable cell numbers in IEC-6 cells

Oleamide Concentration (M)
4] 150 300 600
O hr S3280 - 961 S3280-96(F 33280 - 96(r 33280 - %6(r
24 hr 7800 = 23807 57630 - 680 33760 - 960X 38480 - 17007
48 hr 79390 - 17.007 80240 — 1.33(F 77.010 - 1.36(° 73.790 — 1.02(7

Table 3. Lifcet of oleie acid on viable cell numbers in Caco-2 cells

Oleic acid Coneentration (4M)

) 150) 300 600
Ol 44200 - 3407 44200 - 3407 44200+ 3407 44200 - 3407
240 31400 - 119" 7080 - 680 77010+ 830° 80240 - 2380
JR I 102,000+ 6807 129370 — 3407 141 240 — 2 8907 162,690 + 42507
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[n addition, we have examined if the same concentrations of
oleic acid inhibits cell growth and found that oleic acid
increased cell number in a dose-dependant manner (Table 3).

In the present study. we have observed that synthetic ole-
amide decreased Caco-2 cell numbers in a dose-dependent
manner. These results with our previous observation that
CLA treatments increased oleamide concentrations suggest
that oleamide may mediate. at least in part. the growth
inhibitory effect of CLA in Caco-2 cells. We propose that
oleamide may have potential as a therapeutic and/or preven-
tive agent for colon cancer patients. Future studies are necessary
to determine whether oleamide exerts anticarcinogenic effect
in experimental animals.
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