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Abstract—The total lipids in leaves of Caloncoba echinata and H ydnocarpus anthelminthica exhibited
consistent fatty acid patterns with palmitic, linoleic and a-linolenic acids being the major acids. Small
amounts of cyclopentenyl fatty acids were found in C. echinata (4-4%)) and in H. anthelminthica (0-5-

- q()/\ Analvees of the constituent fattv acids of individual linid classes showed cvclonentenvl fatty acids
I ARalyses Of the constituent latly aci@s O Inaivicual Upic Classes Showed cyciopenienys latly acids

to be present mainly in triglycerides and as free fatty acids. The major lipids in the two species were
monogalactosy! diglycerides, digalactosyl diglycerides and phosphatidyl cholines. The straight-chain
monounsaturated fatty acids consisted mainly of A-9 isomers, whereas the polyunsaturated fatty acids
belonged exclusively to the A-9 series. There was no structural relationship between the straight-chain

uncaturated acidge and t
ratleg acigs anda tne

INTRODUCTION

Little is known about the distribution of the cyclo-
pentenyl fatty acids and nothing about the biosyn-
thesis of these unusual lipids [1]. Hydnocarpic,
chaulmoogric and gorlic acids, the major cyclo-
pentenyl fatty acids, are found in seeds of the tribes
Pangiecae and Oncobeae of the Flacourtiaceae [2].
Cyclopentenyl fatty acids constitute up to 859 of
the total fatty acids in some of these seeds[3].
Smali amounts of cyciopentenyi fatty acids occur
also in tissue cultures of H ydnocarpus anthelminthi-
cal4]

The present communication records analyses of
the constituent fatty acids of lipids in leaves of
Caloncoba echinata and H ydnocarpus antheimin-
thica. Straight-chain monounsaturated and
polyunsaturated fatty acids were isolated and their

structures were determmed in an attempt to eluci-
date possible biogenetic relationships between

these acids and the cyclopenteny! fatty acids.

RESULTS

The lipids in leaves of C. echinata (tribe Onco-
beae) and H. anthelminthica (tribe Pangieae) were
investigated. Fresh leaves of these plants yielded
an average of 2:4%, total lipids including chloro-
phyll and other pigments. Aliquots of these lipids
were subjected to methanolysis, and the resulting
methyl esters were analyzed by GLC (Table 1). The
patterns of the constituent straight-chain fatty
acids were quite similar. This was true also for
leaves of H. anthelminthica collected over a period
of 2 yr at different locations, and for leaves of H.
kurzii (King) Warb. In all samples, 2-linolenic acid
constituted over 509, of total fatty acids, the other
major acids being lmolelc and palmitic acids.
Among the monounsaturated fatty acids, octade-
cenoic acids predominated. Small amounts of cyc-
lopentenyl fatty acids were detected in all samples
investigated. Thus, in the total lipids from leaves of
C. echinata 2-8%, of hydnocarpic, 1-3%, of chaul-

1369



1370

Table 1. Fatty acid composition of the total lipids in leaves of
Flacourtiaceae*

Chain length:

Number of Caloncoba Hydnocarpus

double bondst echinata anthelminthica
12:0 0-2 04
14:0 06 08
14:1 01 03
15:1 0-2 01
16:0 92 16:4
16:1 2:0 11
16: lcy 2-8 08
17:0 0-2 04
180 60 74
18:1 36 34
18:2 12:4 129
18:3 578 54-0
18:1cy 13 01
18:2cy 0-3 tr
20:0 1-4 0-2
20: 1 03 Ol
22:0 12 01

* Expressed in wt %; tr = trace (<0-1%); the following
acids were also found in trace amounts: 13:0, 15:0, 17:1, 19:0,
20:2, 21:0, 22:1, 23:0, 24:0, 24:1.

+ The aflix “cy” denotes the cyclopentene structure of the
acid.

moogric and 0-3%, of gorlic acids were found. The
occurrence of these unusual fatty acids prompted
us to isolate individual lipid classes and to deter-
mine their component fatty acids.

Isolation and identification of lipid classes

Each extract was fractionated by column chro-
matography and TLC into four fractions, whose
weights were determined gravimetrically. They
were similar for the leaves of the species investi-
gated: Fraction 1, 6-19, containing hydrocarbons,
steryl esters and wax esters, aldehydes and pig-
ments; Fraction 2. 0-6%, containing triglycerides
and pigments; Fraction 3, 8-6%, containing sterols,
alcohols, fatty acids, diglycerides and pigments:
Fraction 4, 84:7%, containing phospholipids, gly-
colipids and chlorophyll.

Fraction 1 contained most of the non-polar
lipids from surface waxes. From Fractions 2 and 3,

* Abbreviations used: TG = triglycerides; FFA = free fatty
acids; PC, PE, PI, PG and PS = phosphatidyl cholines, -eth-
anolamines, -inositols, -glycerols and -serines, respectively;
PA = phosphatidic acids; CER = cerebrosides; SG = steryl
glycosides; MGDG, DGDG and SQDG = monogalactosyl-,
digalactosyl- and sulfoquinovosyl diglycerides, respectively;
ESG = esterified steryl glycosides.
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only TG* and FFA were isolated, respectively. In
Fraction 4, PC, PE, PA, PI and PG were identified
by two-dimensional TLC in all samples, however,
PE and PA were barely detectable in lipid extracts
of C. ¢chinata leaves. In addition, PS and some
lyso compounds may have been present in minuwte
amounts. With the exception of CER, glycolipids
were identified by comparison with reference sam-
ples and specific stains: however. no effort was
made to determine the nature of the sugar and
sterol moieties. Thus, CER., MGDG. DGDG.
SQDG, ESG and SG were identified in all sam-
ples.

Viewing the chromatoplates after spraying with
chromic-sulphuric acid and charring showed that
MGDG and DGDG were the major polar lipids
present in leaf tissues, followed by PC, which was
the major phospholipid. In two-dimensional TLC.
a few sugar-positive spots were visible near PC, P1
and the origin. These lipids may be polygalactosyl
diglycerides [5] and/or sterylglycolipids [6].

Farty acids of different lipid classes

The fatty acid composition of various lipid
classes from leaves of C. echinata and H. anthelmin-
thica was determined. The results arc presented in
Tables 2 and 3. Due to lack of material. the consti-
tuent fatty acids of PE and PA in the lipid extract
of C. echinata leaves could not be analyzed. It is
evident from Tables 2 and 3 that cyclopentenyl
fatty acids occurred mainly as constituents of TG
and FFA ; only very small proportions were found
in phospholipids and glycolipids. As the propor-
tions of TG and FFA were low in comparison to
those of phospholipids and glycolipids, the per-
centage of cyclopenteny! fatty acids in the total
fatty acids was indeed small i.e. 44%, in C. echinata
(see Table 1).

Isomeric unsaturated farty acids

The position of double bonds in the constituent
straight-chain unsaturated fatty acids of lipids in
C. echinata and H. uanthelminthica leaves were
determined. The results are shown in Table 4. The
cis-hexadecenoic acids consisted mainly of the A-9
isomer and smaller amounts of A-6 and A-7
isomers. A similar distribution for these acids was
found in tissue cultures[4]. trans-A-3- Hexade-
cenoic acid, whose trans double bond was estab-
lished by the behavior of the methyl ester in
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Table 2. Constituent fatty acids of various lipid classes in leaves of Caloncoba echinata*

Chain length:
Number of

double bondst TG FFA PC PI PG MGDG DGDG SQDG ESG
12:0 05 -6 3 i-i
14:0 12 66 07 26 22 0-4 03 -5 24
14:1 02 05 01
15:0 02 05 04 19 1-0 01 01 08 10
15:1 02 26 03 06 07 01 01 04 11
16:0 91 16-1 291 297 381 22 11-3 424 208
16:1 19 26 30 33 50 05 09 32 43
16:1 trans 68
16: Icy 42-1 309 09 19 112 tr 03 04 09
17:0 02 03 1-0 19 12 02 08 10 0-9
17:1 03 05 10 31 117 02 03 I3 1-4
18:0 28 59 62 194 12:0 1-6 86 10-5 173
18:1 88 56 172 149 127 15 -2 73 84
18:2 48 39 172 81 80 11-8 96 63 96
18:3 10-8 138 223 104 53 813 654 219 260
18: fcy 13-5 4-6 tr 03 tr 1-9
18:2cy 26 16 tr tr -5 01 05 290
19:1 01 0-3 tr 05 02 0-6 08
20:0 03 09 tr 0-6 03 tr 01 03 08
20:1 02 04 tr I-6 15 01 04 05 0-4
20:Icy 02
20:2cy 01
22:0 05
22:1 03

* Composition expressed in wt%; tr = trace (<0-1%).

+ The affix “cv” denotes the cyclopentene structure of the acid
€y aenoles tne cycigpeniene structure ol G.

o o
¢ adi

Table 3. Constituent fatty acids of various lipid classes in leaves of Hydnocarpus anthelminthica*

Mo PEPS A
Chain lcug,tu

Number of

double bondst TG FFA PC PE PA PI PG MGDG DGDG SQDG ESG
12:0 07 04 1-0 06 (VN 09
14:0 1-4 19 05 1-2 01 09 1-4 02 32 0-8 09
14:1 -2 33 01
15:0 03 02 02 0-6 05 0-4 03 tr 02 02 02
15:1 03 02 01 06 04 04 02 tr tr 02
16:0 202 89 318 270 308 224 311 20 136 315 370
i6:1 26 ii 09 27 3 39 04 05 -9
16:1 trans 18- 187
16:lcy 23 1-0 0-8 16 -1 o1 02
17:0 0-8 03 13 1-7 16 26 1-0 05 1-3 1-5 -1
17:1 04 0-2 03 4-6 1-4 61 09 02 25 06 -1
18:0 117 32 110 17-4 10:1 210 186 1-8 140 162 16:3
18:1 7-3 39 65 50 77 44 12-4 1-2 1-6 67 10-7
18:2 16:5 1S 199 151 17-1 9-2 50 110 90 76 44
18:3 320 647 271 154 206 228 90 814 522 308 81
18:1cy 1-9 07 1-4 04 03 03 01
18:2¢cy -0 08 09 03 05
19:1 02 02 1-7 09 tr 05 03 03 08 06
20:0 06 01 1-1 09 tr 02 tr 02 02 tr
20:1 05 (3] -5 07 -1 06 03 05 02
20: ley
20:2cy
22:0 02
22:1 01

* Composition expressed in wt%,; tr = trace (<0-1%).
1 The affix “cy” denotes the cyclopentene structure of the acid. || Total 16:1 cis and 16:1 trans.
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Table 4. Isomeric unsaturated fatty acids of the lipids in leaves of Flacourtiaceae®

Positions of double bonds (A)

3 4 5 6 7 & 9 10 Il
Caloncobu
echinata
16:1 99 8K 755 1-7 41
1611 rans 1000
18:1 11 930 05 Sed
18:2 1000
18:3 100:0
H ydnocarpus
anthelminthica
16:1 10:4 7-0 783 01 42
16:1 trans 100-0
18:1 07 94-5 -2 30
i8:2 100-0
18:3 1000

* Isomer distribution prrc\%ed in mole
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argentation TLC and GLC, was also found. This
acid is considered to be characteristic of photosyn-
thetic tissue {7, 8]. Oleic acid was the major octa-
decenoic acid, accompanied by small amounts of
Cis-vaccenic and
ated fatty acids occurred exclusively as linoleic and
x-linolenic acids. thus showing no difference to
polyunsaturated fatty acids in sceds [ 3] and tissue
cultures [4] of these plants.

acid. Diunsaturated triunsatur-

DISCUSSION

The leaves investigated were collected from trees
and shrubs of different species. at different times
and at different locations, but no effort was made
to distinguish between young and old leaves. The
lipid classes present in these leaves were character-
istic for photosynthetic tissues. with MDGD.
DGDG and SQDG being present in high propor-
tions. These lipids were minor components in the
seeds [3]. Phospholipids, which are the major
polar lipids in seeds, were less abundant in leaf tis-
all

e xmhh‘\

sues. The fatty acid composition of all sample
3

| 24Y,

showed the pattern characteristic of photosynthetlc
tissue of higher plants, with ¢-linolenic acid contri-
buting over 50%,. in each casc. The fatty acid pat-
terns were clearly distinguished from those of non-
nbnfn\\ mthetic i

and

seed

tures [4] with cyclopentenyl fatty acids prcdom-
inating in the former and palmitic and linoleic acids
in the latter. The total lipids in leaves of C. echinata

JU}J is bn\,n

were found to contain 44", cyclopentenyl fatty
acids whereas those of H. anthelminthica included
only minute amounts. It has been reported pre-
viously that the leaf lipid% of Hw[n()carpus' wigh-
cyclopentenyl fatty acids [9].

Structural analyses ol straight-chain unsatur-
ated fatty acids did not reveal the presence of acids
which could conceivably be precursors of cyclo-
pentenyl fatty acids. Individual lipid classes exhi-
bited high proportions of polyvunsaturated fatty
acids which belonged exclusively to the A-9 series.
The proportions of polyunsaturated fatty acids
may be even higher than shown in Table 2 becausce
some breakdown of these acids occurred during
two-dimensional TLC of the polar lipids prior to
analysis.

The cyclopentenyl

PURpRRN

tiana do not contain

fatty acids
minantly esterified in TG ; however. small amounts
were detected also in phospholipids and glycoli-
pids. Another fraction containing relatively high
proportions of cyclopentenyl fatty acids was found
to he the FFA fraction. The nrmm of

were  predo-

this very
small fraction is not clear. but it may have arisen
through enzymic breakdown of lipids during ship-
ping of the plants or storing of the extracts. In
seeds of the plants inveetigat‘d the ulk of l]k cye-
1 fatty acids was fou

iy aClQas

lonentens
1OpLr nter 132

which constituted up to 9\’“ of t tal lipids in the
mature tissues {3]. In addmon. here too cyclic
fatty acids were found in phospholipids and glyco-

d
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lipids. It appears that the metabolism of lipids con-
taining cyclopentenyl fatty acids is not mediated
by special enzymes. A similar conclusion was
reached by those who found cyclopropane and
cyclopropene fatty acids to be ubiquitous in the
acyl lipids of several Malva species [10]. These
cyclic fatty acids were also esterified preferentially
in TG.

The occurrence of unusual fatty acids in both
seed and leaf tissues of the same plant has only sel-
dom been reported. Thus, in some Malvaceae total
fatty acids in seeds and leaves constitute up to 289
cyclopropene fatty acids and cyclopropane fatty
acids [10]. Similarly, the seeds and leaves of Bora-
ginaceae and Caryophyllaceae contain polyunsa-
turated fatty acids of unusual structures, viz. A-
6,9.12-18:3 and A-69,12,15-18:4 fatty acids
[11,12]. In contrast to the various cyclic fatty
acids, the unusual polyunsaturated fatty acids
found in higher plants occur predominantly in gly-
colipids [ 11-13].

EXPERIMENTAL

Leaves were collected at different locations on the island of
Oahu, Hawaii, U.S.A. Reference cyclopentenyl! fatty acids were
prepared as described elsewhere [3]. All solvents used were
analytical grade and distilled prior to use.

Lipids were extracted from leaf tissue by maceration of the
leaves in iso-PrOH and CHC1;-MeOH (2:1) [14] and purified
following established procedures[15]. The total lipids
extracted were separated by column chromatography on silicic
acid into neutral, and ionic and other polar lipids using CHCl,
and CHCl;-MeOH-H,0 (3:5:2) [16] as eluants, respectively.
Solvents used for TLC of neutral lipids were hexane-Et,O
(19:1, twice) [17] and hexane-Et,O-HOAc (70:30:1) { 17], for
ionic and other polar lipids CHCl;-MeOH-HOAc (80:25:1)
{14], CHCl;-MeOH-H,0 (65:25:4) [18], CHCl;-MeOH-
HOAc-H,0 (50:30:8:2) [ 14], and the two-dimensional system
CHC1;-MeOH-7 N NH,OH (65:25:4) followed by CHCl,
MeOH-HOAc-H,O (170:25:25:4) [3,14]. Individual lipid
classes were identified by comparison with reference samples.
The molybdate reagent was used for the detection of phospholi-
pids [19], the x-naphthol reagent for glycolipids [20], ninhyd-
rin for lipids containing amino groups [21] and 50%;, H,SO, for
sterols and sterol containing compounds [4].

The individual lipid classes were isolated by preparative TLC
using hexane-Et,0 (9: 1, twice) for neutral lipids and the afore-
mentioned two-dimensional system for polar lipids. Zones and
spots, visible under UV light after spraying with 2, 7'-dichloro-
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fluorescein solution, were scraped off and methyl esters were
prepared immediately without prior elution of the lipids from
the adsorbent [22]. Methyl esters were analyzed by GLC on
both a polar column (15%, DEGS on Anakrom D) and a non-
polar column (39, OV-1 on Supelcoport) [3]. The structures of
isomeric straight-chain unsaturated fatty acids were determined
by ozonolysis and GLC of the fragments as described elsewhere
[3.231
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