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Interest in the biological activity of conjugated linolenic acids (CLnA) is growing. Technically, previous
methods could not fully characterize and identify CLnA isomers. The present study is the first report
on application of silver ion impregnated high-performance liquid chromatography (Ag*-HPLC) into
separation of CLnA methyl ester (CLnAMe) mixture. Compared with the GC and reversed-phase
HPLC techniques, Ag™-HPLC could resolve and separate CLnAMe isomers into three clusters of
peaks namely ftt, ctt and ctc geometrical groups. Each positional isomer belonging to the same
geometrical group could be further separated by Ag*-HPLC. Quantitative 13C NMR properties of
CLnAMe mixture were subsequently studied. Olefinic signals in the CLnAMe mixture were assigned
and used to quantify each isomer in combination with Ag*-HPLC. The present study provided a detailed
analysis of a complex CLnA mixture and may have an important application in future studies dealing
with synthesis, oxidative stability, and bioactivity of individual CLnA isomers.
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INTRODUCTION t10, ¢12—-18:3, suggesting that different CLnA isomers had
different biochemical activities (3).

Minor structural differences among CLnA isomers make their
separation, identification, and quantification extremely difficult.
The previous studies on biological activity of CLnA usually
tested a CLnA mixture. Chemists want to synthesize only the
active CLnA isomer while biologists want to know which CLnA
isomer is responsible for the observed biological activities. In
this regard, it is imperative to develop a reliable method for
separation and characterization of individual CLnA isomers in
'complex mixtures such as synthetic products and biological
materials. However, using IR, UV, GC, and reversed-phase
HPLC cannot meet such a purpose. GC-MS has been used to
identify and characterize the positional configuration of CLnA
. ! . . . . DMOX derivatives but it could not separate all CLnA isomers
tll_'t13_18'3)' Pome.zgranate seed oil mainly contains punicic and thus was not useful for a complex CLnA sample. Since it
acid (c9,t11,c13-18:3) (Z). is still impossible to synthesize each single CLnA isomer, GC-

CLnA possesses several biological activities. A CLnA isomer Ms and NMR data on CLnA isomers are now only limited to
mixture was reported to be a potent suppressor on growth of o.eleostearic acid-eleostearic acid, and punicic acig, (.3).
various human tumor cellg{-11). Our previous study showed  Ajthough 13C NMR properties ofo-eleostearic acidj-eleo-
that the Supplementation of-eleostearic acid or pUniCiC acid stearic acid, and punicic acid were previous|y reporfé@,—
significantly decreased hepatic cholesterol (12). Suzuki et al. 14 COSY correlation and homonuclear decoupling techniques

Conjugated linolenic acid (CLnA) is an imprecisely defined
term describing a group of positional (8,10;128:3; 9,11,13—
18:3; 10,12,14-18:3; 11,13,15—18:3, etc.) and geometric (ttt,
ctt, ctg etc.) isomers of octadecatrienoic acids that contain three
double bonds in conjugation. CLnAs do not occur to any
significant amount in animal lipids. Dietary CLnA is quantita-
tively minor in the vegetable oils, accounting for up to 0.2%
by weight (1). However, CLnA in several kinds of seed oils,
such as tung oil, pomegranate seed oil, catalpa seed oil
Momordica charantiaseed oil, and cherry seed oll, is present
in large quantities and can account for-480% of total fatty
acids (2,3). It is known that CLnA in tung oil is mainly
o-eleostearic acid (c9,t11,t338:3) ands-eleostearic acid (t9,-

reported that the cytotoxicity of c9, t11, t£38:3; 9, t11, c13 have not yet been used to characterize them, which resulted in
18:3 and 9, t11, ¢13—18:3 was much higher than that of t8, the inaccurate assignment of the signals of CLnA olefinic
carbons.
* Corresponding author. Telephone (86) 373-3328117; fax: (86) 373-  The present study had two objectives. First, it was to fully
33??507}]‘9“3”5 yaf.‘tg“”1819@163-com- characterizgs-eleostearic acid, punicic acid, and tung oil-CLnA
e Hae?,énoﬁorm\éfﬁ',ﬁ'\}ersity. isqmers using NMR followed by assignments of the ch_emical
8 The Chinese University of Hong Kong. shifts of proton and carbon atoms BZ—1H COSY correlation
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techniques. The protefproton coupling constangd) across the
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zg0jd, hmqcgpgf, and zgig30, respectively. The SFO'HINMR was

double bonds was subsequently calculated to identify the 400.13 MHz. The SFO1 ofC NMR was 100.62 MHz.
geometrical configuration. Second, the present study was to Ag'-HPLC Analysis. The individual CLnAMe isomers were

separate and quantify a complex CLnA methyl ester (CInAMe)
mixture of pomegranate seed oil using silver ion-impregnated
high-performance liquid chromatography (A#PLC) and
quantitative>C NMR technique.

MATERIALS AND METHODS

Materials. Tung oil was obtained from Tung Oil Company (Pingding
Shan, Henan Province, Ching)lsomerized tung oil was prepared by
adding a trace of,lto tung oil at room temperature for 10 days until
the tung oil completely solidified. CLnA in solidified tung oil was then
mainly converted tg3-eleostearic acidl)). Air-dried seeds of pome-

separated using a HP-1100 HPLC equipped with a ternary pump
delivery system. In brief, %L of CLnAMe samples (5«g/mL) in
hexane were injected onto a silver ion-impregnated column (250
4.6 mmi.d., 5um, Chrompack, Bridgewater, NJ) via a Rheodyne valve
injector. Hexane, containing 0.1% acetonitrile, was chosen as a mobile
phase at a flow rate of 1.0 mL/min. The separated individual CLnAMe
were monitored at 284 nm. Only the CLnAMe isomers were detected
at this wavelength.

Reversed-Phase HPLC AnalysisThe CLnAMe isomers were
separated using the HP-1100 HPLC equipped with a ternary pump
delivery system. In brief, %L of CLnAMe samples (5«g/mL) in
hexane was injected onto an exteng @50 x 4.6 mm i.d., 5um,
stainless steel, ZORBAX, Agilent) via a Rheodyne valve injector.

granate were purchased from SanheTian Company (Chengdu, Sichuamcetonitrile/HO (4:1, viv) was chosen as a mobile phase at a flow
Province, China). The pomegranate seed oil was extracted in hexanerate of 1.4 mL/min. CLnAMe was monitored at 284 nm. Only the

and concentrated in a rotary evaporator at ® (RE-52 rotary
evaporator, Shanghai, China). fethanol (14%) was purchased from
Sigma Chemical Co. (St. Louis, MO). Hexane and acetonitrile were
HPLC grade. All other solvents and chemicals were analytical grade.
Preparation of f-Eleostearic Acid, Punicic Acid, and Tung
Oil-CLnA. fS-Isomerized tung oil (10 g) was bubbled with For 10
min and then saponified with 150 mL of 0.3 M KOH in 90% ethanol
at 25°C for 24 h. The reaction mixture was acidified by addition of
30 mL of 1.0 M SO, and then extracted using hexane (20 ml3).

The hexane extract containing free fatty acids was washed in distilled

water (10 mLx 3). After being dried on anhydrous sodium sulfate,

the crude fatty acids were obtained by removal of hexane in a rotary

evaporator below 3€C. Pures-eleostearic acid was obtained by repeat
crystallization in 90% ethanol at-20 °C (1). Punicic acid in
pomegranate seed oil and tung oil-CLnA were similarly prepared and
purified. GC analysis showed that purity of each CLnA reached 99%.
13C—H COSY showed the olefinic carbon signals (ppm) were as
follows: S-Eleostearic acid (134.46, 130.87, 130.51, 130.41, 130.73,

134.23), punicic acid (132.69, 128.82, 127.94, 127.79, 128.71, 132.46),

and tung oil-CLnA (134.46, 130.87, 130.51, 130.41, 130.73, 134.23;

131.75, 128.72, 132.83, 126.00, 130.53, 135.17). The NMR data were

similar to those reported by Tulloch et al. (13) except some peak
assignments of olefinic carbons were mislabeled.

Preparation of CLnA Methyl Ester Mixture. Pomegranate seed
oil (2 g) was weighed in a 250 mL flask and isomerized by addition of
200 mL of 14% BR/ methanol reagents. The flask was placed in oil
bath at 100°C for 10 min under a gentle stream of nitrogen gas and
then cooled at room temperature. CLnAMe mixture was extracted in
hexane (10 mLx 3) and recrystallized twice in hexane-a20°C. GC

CLnAMe isomers were detected at this wavelength.

RESULTS AND DISCUSSION

Comparison of Agm-HPLC and Reversed-Phase HPLC.
The Agt-HPLC and reversed-phase HPLC chromatograms of
CLnAMe mixture derived from pomegranate seed oil were
shown inFigure 1a and Figure 1b, respectively. The results
clearly demonstrated that AgHPLC was able to separate the
CLnAMe mixture into eight peaks whereas reversed-phase
HPLC was only able to resolve the CLnAMe mixture into three
peaks (Figure 1b), suggesting that AgHPLC had greater
resolution power and was more effective in separation of the
CLnAMe isomers. To identify all the eight isomefsgleostearic
acid, punicic acid, and--eleostearic acid was characterized by
NMR and then chosen as standards in"A¢PLC analysis.
Eight CLnA methyl esters in the mixture were subsequently
identified by both Ag-HPLC and quantitativé3C NMR.

Characterization of f-Eleostearic Acid, Punicic Acid,
and o-Eleostearic Acid by NMR. Previous reports only used
13C NMR to characterize these isomers, and the existing NMR
data were incomplete. The present study was the first time to
use thel3C—'H COSY correlation technique to assign the
chemical shifts of the proton and carbon atomg-afleostearic
acid, punicic acid, and-eleostearic acid. Previous inaccurate
assignment of the signals of olefinic carbons was corrected by
this technique. In addition, the proteproton coupling constant

analysis showed that purity of total CLnAMe reached 99%. Each isomer (J) across the double bonds was an important parameter and

in CLnAMe mixture was quantified by AgHPLC and quantitative
BC NMR.

GC Analysis of Fatty Acids. CLnA isomers were methylated
according to the method previously describ&d)( The CLnAMe was
analyzed on a flexible silica capillary column (SP 2560, 10& 19.25
mm i.d., Supelco, Inc., Bellefonte, PA) in a HP 6890 seriesjgsid
chromatograph equipped with a flame-ionization detector and an
automated injector (Palo Alto, CA). The column temperature was
programmed from 170 to 21TC at a rate of 2C/min and then held

could provide useful information about the geometrical con-
figuration of CLnA. However, the extensive overlap in thé
NMR spectrum made it difficult to calculate the coupling
constant directly. In this regard, we used the homonuclear
decoupling technique to simplify thiH NMR spectrum and
calculate coupling constants. The NMR results of three CLnA
methyl ester isomers were summarizedlable 1 and Table

for 5 min. The injector and detector temperatures were set at 250 and Characterization gf-eleostearic acid was used as an example
300 °C, respectively. Nitrogen gas was used as the carrier gas at ato simplify the representation on the assignment of three CLnA

head pressure of 35 psi.

NMR Analysis. NMR spectra were recorded on a Bruker AV-400
Fourier transform NMR spectrometer (Bruker, Fallanden, Switzerland).
Deuteriochloroform (CDG) (0.2—0.3 mM) in tetramethylsilane was
used as an internal reference standard. Chemical shifts are given in
values in ppm downfield from tetramethylsilangr(s = 0). **C—H
NMR COSY correlation techniqgues and homonuclear decoupling

technique were used to assign the chemical shifts of proton and carbon

atoms off-eleostearic acid, punicic acid, and tung oil-CLN. Similarly,

isomers. 13C—1H COSY and the homonuclear decoupling
spectra of3-eleostearic acid were shownhigure 2 andFigure

3, respectively3-Eleostearic acid showed three multiplets at
op 6.10 (2H), 6.04 (2H), and 5.66 (2H). They could be separated
into inner (11-H, 12-H), middle (10-H, 13-H), and outer (9-H,
14-H) group sincg-eleostearic acid was a 9, 11, 13 positional
isomer (13). Two protons in each group were magnetically
equivalent. It has been known that conjugation makes the density

the CLnA mixture derived from pomegranate seed oil was also analyzed Of the electron cloud of inner positional olefinic protons decrease

using quantitative*C NMR. The PULPROG of the homonuclear
decoupling techniqué3C—'H COSY, and quantitative®C NMR was

compared with that of outer positional olefinic protons. So the
chemical shifts of the inner positional olefinic protons are
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Figure 1. Ag*HPLC and reversed-phase HPLC chromatograms of
conjugated linolenic acid methyl ester (CLnAMe) mixture derived from
pomegranate seed oil. (@) Ag*-HPLC chromatogram of the CLnAMe
mixture. Peaks 1, 2, 3, 4, 5, 6, 7, and 8 were identified as isomer 1 (110,
t12, t14-18:3), isomer 2 (19, t11, t13-18:3), isomer 3 (t8, t10, t12-18:3),
isomer 4 (cl11, t13, t15-18:3), isomer 5 (c10, t12, t14-18:3), isomer 6
(c9, t11, t13-18:3), isomer 7 (c8, t10, t12—18:3), isomer 8 (c9, t11, c13—
18:3), respectively. (b) Reversed-phase HPLC chromatogram of the
CLnAMe mixture.

—_—

min

slightly more downfield than outer proton$). The signal at
On 6.10 is then most likely due to the coupling of the two inner
positional olefinic protons of the triene system (11-H,12-H).
The signals aby 6.04 and 5.66 corresponded to the shifts at
the middle (10-H,13-H) and outer (9-H,14-H) position, respec-
tively.

Thel3C—IH COSY correlation technique was used to assign
signals of olefinic carbonsHgure 2). The multiple peaks at

Cao et al.

Table 1. Chemical Shift Values of Olefinic Hydrogens of 5-Eleostearic
Acid, Punicic Acid, and a-Eleostearic Acid (ppm)

p-eleostearic acid: punicic acid: o-eleostearic acid:
T9, 111, t13-18:3 c9, t11, ¢13-18:3 c9, t11, t13-18:3
914-H 566, J=128Hz 546,J=108Hz 5.40(9-H, J=108Hz)
5.74 (14-H, J= 14 Hz)
10,13-H 6.04,J=128Hz 6.08,J=108Hz 6.01(10-H, J=10.8 Hz)
6.12 (13-H, J= 14 Hz)
1112-H 6.10,J=116Hz 6.48,J=128Hz 6.40(12-H, J=13.6 Hz)
(

6.19 (11-H, J=13.6 Hz)

Table 2. Chemical Shift Values of Olefinic Carbons of 3-Eleostearic
Acid, Punicic Acid, and o-Eleostearic Acid (ppm)

[-eleostearic acid: punicic acid: o-eleostearic acid:
19, 111, t13-18:3 c9, t11, c13-18:3 c9, t11, t13-18:3
C-9 134.46 132.69 131.75
C-10 130.87 128.82 128.72
c-11 13051 127.94 132.83
C-12 130.41 127.79 126.00
C-13 130.73 128.71 130.53
C-14 134.23 132.46 135.17
)JFM\ _PJIIM"L ppm
3 15
1
0
5
= =0
_
H
40
63 62 61 60 59 S8 57 56 55 44 53 pm

Figure 2. 13C—'H COSY spectrum of 3-eleostearic acid.

130.87 and 130.73. The signal & 6.10 (11-H,12-H) was
connected to the pair of carbon signals that appearedt at
130.51 and 130.41. These connections supported the assignment
of the shifts of the inner carbon atoms (C-11,C-12)@130.51

and 130.41, shifts of the middle carbon atoms (C-10,C-13) at
d0¢ 130.87 and 130.73, and shifts of the outer carbon atoms (C-
9,C-14) atéc 134.46 and 134.23. It clearly demonstrated that
13C—IH COSY correlation technique was straightforward to
assign two signals in the same pair to particular carbon compared
with the present NMR techniques.

Homonuclear decoupling technique was used to simplify the
IH NMR spectrum and then calculate protgoroton coupling
constants. The 8,15-H decoupling spectriiig(re 3) was used
as an example to demonstrate this decoupling technique. The
coupling of 9,14-H was simplified as dd peak when 8,15-H was
irradiated (Figure 3). Similarly, irradiating 10,13-H made the
coupling of 9,14-H and 11,12-H was simplified as quintet and

on 5.66 (9-H,14-H) were connected to the pair of carbon signals quartet, respectively. Irradiating 11,12-H made the coupling of

at 6c 134.46 and 134.23. The multiple peaksdat6.04 (10-
H,13-H) were connected to the pair of carbon signal®at

10,13-H and 9,14-H simplified as a doublet and quintet,
respectively. It was calculated thdt 10 = J13-14 = 12.8 Hz
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Figure 3. 8,15-H Homonuclear decoupling 'H NMR of S3-eleostearic acid. 8,15-H of 3-eleostearic acid was irradiated, and the coupling of 9,14-H was
simplified as a dd peak.

andJ"12= 11.6 Hz.J® % was further calculated as 6.2 Hz. It 8
was known that thd about 6—11 Hz was for cis anflabout
11-15 Hz was for trans configuratiori®). According toJ
values described above, 9,14-H, 10,13-H, and 11,12-H were all
in trans configuration (Table 1).

Similarly, signals of punicic acid and tung oil-CLnA were
assigned and proton—proton coupling constants were also
calculated (Table 1Table 2). It was found that in a previous
report, Tulloch et al.13) had mistakenly assigned some of the
shifts of the olefinic carbon atoms ofi-eleostearic acid,
[-eleostearic acid, and punicic acid. In other words, the shifts
of the “inner” carbon atoms were assigned in a reversed order.

Identification of B-Eleostearic Acid Methyl Ester, Punicic
Acid Methyl Ester, and a-Eleostearic Acid Methyl Ester by
Ag*™-HPLC. These CLnAMe isomers were analyzed usingAg 3 4 7
HPLC, and the results showed that both purifizéleostearic 5
acid and punicic acid was a single CLnA isomer with a retention
time of 21.3 min and 40.1 min, respectively, under the present X . .
Ag*™-HPLC conditions. The results showed that tung o0il-CLnA 20 30 40 min
contained two isomers, which eluted at 21.0 and 30.7 min, figyre 4. Ag*-HPLC chromatogram of the CLnAMe mixture after
respectively. The peak at 21.0 min was identifiehaseostearic  g.eleostearic acid methyl ester, punicic acid methyl ester, and tung oil-
acid as it had the same retention timeSasleostearic acid. The  cLnA methyl ester were added.
second peak at 30.7 min was then identifiedoasleostearic
acid since tung oil contained- and j-eleostearic acid (2).  respectively. In contrast, they accounted only for 17.75%,
pB-Eleostearic acid methyl ester, punicic acid methyl ester, and 10.56%, and 32.93%, respectively, before standards were added
o-eleostearic acid methyl ester were then used as referencgTable 3). As peak 2, 6, and 8 belonged to group A, group B,
standards to deduce configuration of other isomers in the and group C, respectively, three groups could be assigned as
CLnAMe mixture. ttt, ctt, and c,it,c geometrical isomers, respectively. This

Identification of Eight CLnA Methyl Esters by Ag *- assignment was also consistent with the separation principle of
HPLC. Eight peaks separated by AdHPLC were named as  Ag*™-HPLC. The silver ion-impregnated column, as a polar
isomers 1, 2, 3, 4, 5, 6, 7, and 8. According to their eluting column, separated organic substances according to their polarity
order, they were further separated into three groups, namelywith compounds having a lower polarity being eluted earlier.
Group A (isomer 1, 2, 3), Group B (isomer 4, 5, 6, 7), and In fact, the order of polarity of CLnAMe geometrical isomers
Group C (isomer 8). Isomers 2, 6, and 8 wgreleostearic acid  was t,t,t< c,t,t < c,t,c.
methyl ester (19, t11, t1318:3),a-eleostearic acid methyl ester Geometrical configuration of different positional isomers
(c9, t11, t13-18:3), and punicic acid methyl ester (c9, t11,€13  within the same group could be deduced based on their different
18:3), respectively, as they had the same retention times as theetention time. Ag-HPLC has a specific separation principle,
reference standardBi@ure 18). To further confirm these results, i.e., the farther the double bonds are from COQQHe earlier
puref-eleostearic acid methyl ester, tung oil-CLnA methyl ester, the isomer elutes. In fact, it had already been reported that CLA
and punicic acid methyl ester were added into the isomerized (conjugated linoleic acid) methyl ester isomers eluted in the
mixture (Figure 4). It clearly demonstrated that peaks 2, 6, and order of 11,13; 10,12; 9,11; 8,10; 7,9 within each geometrical
8 were spiked after these standards were added:-H@LC group (7). The eluting order of positional isomers of CLnAMe
quantitative analysis showed that the amount of isomers 2, 6,should be similar to that of CLA since they had the similar
and 8 increased and accounted for 23.53%, 21.50%, and 40.28%g¢onjugated configuration. Therefore, eight isomers were deduced
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Table 3. Quantitative 3C NMR Chemical Shift Values and Ag*-HPLC Quantitative Results of CLnA Mixture Derived from Pomegranate Seed Oil

13C-NMR chemical shift values amounts in CLnA mixtures (%)
CLnA isomers OL-1 OL-2 OL-3 OL-4 OL-5 OL-6 quantitative 3C NMR Ag*-HP LC
t10, t12, t14-18:3 (Isomer 1) 13452 13091 13059 13057 130.6 3 134.09 10.21 13.19
19, t11, t13-18:3 (Isomer 2) 13446 130.8 7 13051 13041 130.73 134.23 15.35 17.75
t8, 110, t12-18:3 (Isomer 3) 13434 130.8 1 13055 130.4 6 130.70 13417 9.85 12.29
c11, t13, t15-18:3 (Isomer 4) 131.6 2 128.6 1 13267 125.89 13050 13494 5.86 4.78
c10, t12, t14-18:3 (Isomer 5) 13169 12867 13278 12592 13059 13504 1.93 1.65
c9, t11, t13-18:3 (Isomer 6) 131.75 128.7 2 132.83 126.00 13053 13517 9.84 10.56
¢8, t10, t12-18:3 (Isomer 7) 131.95 128.77 132.86 126.0 4 13055 13523 7.92 6.86
9, t11, ¢13-18:3 (Isomer 8) 132.6 9 128.8 2 12794 127.79 128.71 13246 39.04 32.93
U ! L h.
T T T T T T T T T T
135 124 133 132 131 130 129 128 127 126 pp

Figure 5. Quantitative 13C NMR spectrum of a purified CLnA mixture derived from pomegranate seed oil.

and identified as t10, t12, t+418:3 (isomer 1), t9, t11, t13 Thus, quantitativé3C NMR gives the correct relative amount
18:3 (isomer 2), t8, t10, t1218:3 (isomer 3), cl11, t13, t15 for each CLnAMe regardless of the experimental conditions.
18:3 (isomer 4), c10, t12, t}418:3 (isomer 5), c9, t11, t13 Each CLnAMe isomer showed six olefinic signals, and
18:3 (isomer 6), c8, t10, t1218:3 (isomer 7), and c9, t11, ¢33 guantitative technique disclosed that their integrals were similar.
18:3 (isomer 8), respectivelfrigure 1a). Quantification results Accordingly, signals with a similar integral iRigure 5 was

of each isomer was shown ifable 3. selected and assigned to an isomer. All the signals were
3C NMR Quantification of Eight CLnAMe Isomers. To separated into eight groups and the percentage of them was

further confirm the characterization made by AgPLC, the calculated according to the quantitath’€ NMR integral results

CLnAMe mixture was analyzed by quantitativéC NMR (Table 3). In fact, the percentage of each isomer calculated by

(Figure 5). The mixture showed similar olefinic carbon signals - qyantitativel®c NMR was similar with that calculated by Ag
to that of3-eleostearic acid, punicic acid, aneeleostearic acid,  Hp| ¢, confirming that deduction on geometrical configuration

demonstrating clearly that this mixture contained 19, t11-413  4nq quantification of eight isomers in mixture by combination
18:3, ¢9, t11, t1318:3, and c9, t11, c1318:3 isomers. The use of Ag-HPLC and NMR was correct.

result was also consistent with that ongiPLC analysis. It . This is the first research on the detailed NMR correlation
was observed that there were two new signals around each signal o . . .
of 5-eleostearic acid and three new signals around each signalSpectrum c_hara(_:tenzau_on of _three CLnA |son_1ers,_|nclud|ng
: - : : -eleostearic acid, punicic acid, andeleostearic acid. The
of a-eleostearic acid, but no new signal around each signal ofﬁ € - » P i . - -
punicic acid was observed. Accordingly, it was deduced that results conflrme'd thap-eleostearic acm!, punicic acid, a“‘?'
this mixture contained two additional t,t,t-18:3 positional isomers o-eleostearic acid were 19, t11, t13~18:3, c9, t11, c13-18:3,
and three c,t,t-18:3 positional isomers but there was no additionalanOI c9, t11, t131_8'3’ respectively. Signals of olefinic carbon
c,t,c-18:3 positional isomer. For example, there were three newOf them were assigned c_orrectly abwas also calculated. Th_e
signals (131.62, 131.69, 131.95) near the signal at 131.75, whichP'€Sent NMR data were important for future NMR characteriza-
had already been assigned as C-9 signal of c9, t11;1833. tion of other CLnA isomers.
C-9 is named as OL-1 since it is the olefinic carbon closestto ~ The present study was also the first report on use of-Ag
the COOMe group in c9, t11, t+318:3 isomer. Thus, these HPLC to analyze the CLnAMe mixture qualitatively and
new signals were assigned as OL-1 signals of other three c,t,t-quantitatively. Ag-HPLC resolved well and separated the
18:3 positional isomers since they occurred near the OL-1 CLnAMe mixture into ttt, ctt, and ctc geometric groups. Within
signals of ¢9,t11,t13—18:3 isomer. They could be deduced as€ach group, the positional isomers were separated according to
signals of C-9, C-10, and C-11 of c8, t10, t128:3, c10, t12, the position of double bonds. Compared with previous GC and
t14—18:3 and c11,t13, t1518:3 isomers. Similarly, all other ~ reversed-phase HPLC methods, the present-ABLC had
new signals could be deduced similarljaple 3). greater resolution power and had an advantage in separation
To further confirm above assignment, quantitafi$@ NMR and quantification of individual CLnAMe isomers in a complex
technique was used. Under ideal conditions, the integral of the mixture and biological materials. To our best knowledge, this
NMR signals is proportional to the concentration of the isomer study was the first time to apply quantitat¥#€ NMR technique
that produced it. Therefore, olefin signals from tH€ NMR into identification and quantification of CLnAMe isomers. Most
spectrum are integrated to quantify the different CLnAMe CLnA isomers are commercially unavailable at the present time
isomers in a sample. In proton-dedudéd NMR experiments, although some of them can be isolated from natural sources.
it is necessary to employ inverse gated decoupling and relaxationThe present result can be amplified further to isolate other pure
delays of>5T1 to obtain strictly quantitative data. Because the CLnA isomers in a large quantity if a semipreparative™Ag
CLnAMe isomers are structurally very similar and only olefin HPLC column is used. Currently, we are in attempt to synthesize
signals are quantified, factors potentially leading to imperfect other CLnA isomers and investigate the oxidative stability and
guantification are expected to be almost identical for each peak.bioactivity of each CLnA isomer.
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