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Abstract-The total lipids in leaves of Culorrcobu rchirratu and Hydnocur~pus ur~thr/minthicu 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. echinutu (4.47”) and in H. ur?thelminthicu (0.5 
1.5x,). Analyses of the constituent fatty acids of individual lipid classes showed cyclopentenyl fatty acids 
to be present mainly in triglycerides and as free fatty acids. The major lipids in the two species were 
monogalactosyl 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 
unsaturated acids and the cyclopentenyl acids. 

Little is known about the distribution of the cyclo- 
pentenyl fatty acids and nothing about the biosyn- 
thesis of these unusual lipids [I]. Hydnocarpic, 
chaulmoogric and garlic acids, the major cyclo- 
pentenyl fatty acids, are found in seeds of the tribes 
Pangieae and Oncobeae of the Flacourtiaceae [2]. 
Cyclopentenyl fatty acids constitute up to 85% of 
the total fatty acids in some of these seeds [3]. 
Small amounts of cyclopentenyl fatty acids occur 
also in tissue cultures of Hydnocuq~us unthelminthi- 
cu [4]. 

The present communication records analyses of 
the constituent fatty acids of lipids in leaves of 
Caloncohu echinata and Hydnocarpus arzthrlmirz- 
thicu. Straight-chain monounsaturated and 
polyunsaturated fatty acids were isolated and their 
structures were determined in an attempt to eluci- 
date possible biogenetic relationships between 
these acids and the cyclopentenyl fatty acids. 

RESULTS 

The lipids in leaves of C. echinata (tribe Onco- 
beae) and H. urlthelmirithica (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. unrhelminthicu collected over a period 
of 2 yr at different locations, and for leaves of H. 
kurzii (King) Warb. In all samples, x-linolenic acid 
constituted over 50’Y0 of total fatty acids, the other 
major acids being linoleic 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. rchiriutu 2.8’>;, of hydnocarpic, 1.3”/;‘, of chaul- 
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Table I. Flttty acid composition of the total lipids in leaves of 
Flacourtiaceae* 

Chain length: 
Number of 

double hondst 

I2:O 
14:o 
14: 1 
15: I 
16:O 
16: I 
16: Icy 
17:o 
I x.0 
IX: I 
18:2 
IX:3 
IX: Icy 
18:2cy 
20:o 
20: I 
97.0 -_. 

0.2 0.4 
0.6 0.x 
0, I 0.3 
0.2 0. I 
9.2 16.4 
2.0 I.1 
2.8 0.8 
0.2 0.4 
6.0 7.4 
3.6 3.4 

12.4 12.9 
57.8 54.0 

I.3 0.1 
0.3 tr 
I .4 0.2 
0.3 01 
I.2 0. I 

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

t The allix “cy” denotes the cyclopentene structure of the 
acid. 

moogric and 0.3”/6 of garlic 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. 

Isolatiorl und idrrhfication 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, 6.10/,, containing hydrocarbons. 
steryl esters and wax esters, aldehydes and pig- 
ments; Fraction 2. @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, 

* Ahhreviarions 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: SC = stervl 
glycosides; -MGDG, DGDG and SQDG = monogalactosyi-, 
digalactosyl- and sulfoquinovosyl diglycerides, respectively; 
ESG = esterified steryl glycosides. 

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. cdchinafu leaves. In addition, PS and some 
lyso compounds may have been present in minvte 
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 SC 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, PI 
and the origin. These lipids may be polygalactosyl 
diglycerides [.5] and/or sterylglycolipids [S]. 

The fatty acid composition of various lipid 
classes from leaves of C. echinufa and H. aufhcl~ui~~- 

thicu 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. echir7atn 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 cyclopentenyl fatty acids in the total 
fatty acids was indeed small i.e. 4.49/;, in C. echinata 

(see Table I ). 

The position of double bonds in the constituent 
straight-chain unsaturated fatty acids of lipids in 
C. echimfu and H. trr7file/r~7i/7fhicn 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 mm 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 rckirrata* 

Chain length: 
Number of 

double bonds? TG FFA PC PI PC MGDG DGDG SQDG ESG 

12:O 0.5 I.6 
14:O 1.2 6.6 
14: I 0.2 0.5 
l5:O 0.2 0.5 
15: I 0.2 26 
16:O 9.1 16. I 
16:l 1.9 26 
16: I trms 
16: Icy 42. I 30.9 
17:o 0.2 0.3 
17: 1 0.3 0.5 
18:O 2.8 5.9 
18:l 8.8 5.6 
18:2 4.8 3.9 
18:3 IO.8 13.8 
18: Icy 13.5 4.6 
18:2cy 2.6 1.6 
19:l 0.1 0.3 
20:o 0.3 0.9 
20: I 0.2 0.4 
20: Icy @2 
20:2cy 0. I 
22:o 0.5 
22: I 0.3 

0.7 
0.1 
0.4 
0.3 

29.1 
3.0 

0.9 
1 .o 
I.0 
6.2 

17.2 
17.2 
22.3 

tr 
tr 
tr 
tr 

2.6 

I .9 
0.6 

29.7 
3.3 

I.9 
I.9 
3.1 

19.4 
14.9 
8.1 

IO.4 
tr 
tr 

0.6 
I.6 

0.3 I.1 
2.2 0.4 o-3 I.5 2.4 

I.0 0.1 @l 
0.7 0.1 0. I 

38. I 2.2 I I.3 
5.0 0.5 0.9 
68 
I.2 

& 
0.3 

I.2 0.8 
1.7 0.2 0.3 

12.0 I 6 8.6 
12.7 I.5 I.2 
8.0 I I.8 9.6 
5.3 81.3 65.4 
0‘3 
I.5 0. I 
@5 0.2 
0.3 01 
I.5 ;.r, 0.4 

04 I.0 
0.4 I.1 

42.4 20.8 
3.2 4.3 

@4 0.9 
I .o 0.9 
I.3 1.4 

I@5 I 7.3 
7.3 x.4 
63 9.6 

21.9 26.0 

d.‘s 
I.9 
2.0 

0.6 0.8 
0.3 0.8 
0.5 0.4 

* Composition expressed in wt%; tr = trace (~0.1%). 
-i The affix “cy” denotes the cyclopentene structure of the acid. 

Table 3. Constituent fatty acids of various lipid classes in leaves of Hydaocarpus arrth~,/,llirlthica* 

Chain length: 
Number of 

double bondst TG FFA PC PE PA PI PC MGDG DGDG SQDG ESG 

12:o 
l4:O 
14: I 
15:o 
l5:l 
16:O 
l6:l 
16: I tram 
16: Icy 
17:o 
17: I 
18:0 
18: I 
18:2 
l8:3 
18: Icy 
18:2cy 
19:l 
20:o 
20: 1 
20: Icy 
20: 2cy 
22:o 
22: I 

I.4 

0.3 0.2 0.2 
0.3 0.2 0, I 

20.2 8.9 31.8 
2.6 I.1 0.9 

2.3 1.0 
0.8 0.3 
0.4 0.2 

II.7 3.2 
7.3 3.9 

16.5 I I.5 
32.0 64.7 

I.9 @7 
I .o 0.8 
0.2 0.2 
0.6 0.1 
0.5 0.1 

1.3 
0.3 

I I.0 
6.5 

19.9 
27. I 

0.7 
1.9 

0.2 
0.1 

0.4 
0.5 

I.0 0.6 
I.2 0. I 0.9 
1.2 3.3 
0.6 0.5 0.4 
0.6 0.4 0.4 

27.0 30.8 22.4 
2.7 3.1 3.9 

0.8 
I.7 
4.6 

17.4 
5.0 

15.1 
15.4 

I.4 

I.7 
I.1 
I.5 

I.6 
I.6 
I.4 

10.1 
7.7 

17.1 
20.6 

0.9 
0.9 
0.9 
0.7 

I.1 
2.6 
61 

21.0 
4.4 
9.2 

22.8 
0.4 

tr 
tr 
I.1 

I .4 0.2 
0. I 
tr 

2”o 
0.4 

0.5 
3.2 0.8 

@9 
0.9 

0.3 
0.2 

31.1 

0.2 0.2 
tr 0.2 

13.6 31.5 
0.5 1.9 

0.2 

37.0 

18%” 18.7 

I .o 
0.9 

18.6 
12.4 
5.0 
9.0 

0.5 
@2 
I.8 
1.2 

I I.0 
81.4 

0.3 
0.3 
0.3 
tr 

0.3 

0. I 
I.3 
2.5 

14.0 
1.6 
9.0 

52.2 
0.3 

0.5 
0.2 
0.6 

0.3 
0.2 
05 

0.2 
1.5 
0.6 

16.2 
67 
7.6 

30.8 
0.1 
0.5 
0.8 
@2 
0.2 

I.1 
1.1 

16.3 
IO.7 
4.4 
8.1 

@6 
tr 

* Composition expressed in wt%; tr = trace (<O.l%). 
f The affix “cy” denotes the cyclopentene structure of the acid. I/ Total 16: 1 cis and 16: 1 trans. 
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Table 4. Isomcrlc unsaturated fatty acids of the lipids in lcaves of Flacourtiaceae* 

____- 

3 3 5 

Positions of double bonds (A) 
_____. _ 

6 7 s 9 IO I I 

IO.4 7.0 

* Isomer distribution expressed in mole “(,. 
For polyunsaturated fatty acids the position of the double bond closest to the carboxy1 group is given 

argentation TLC and GLC. was also I’ound. This 
acid is considered to be characteristic of photosyn- 
thetic tissue [7, X]. Oleic acid was the major octa- 
decenoic acid, accompanied by small amounts of 
cis-vaccenic acid. Diunsaturated and triunsatur- 
atsd fatty acids occurred exclusively as linolcic and 
x-linolenic acids. thus showing no difference to 
polyunsaturated fatty acids in se& 1-31 and tissue 
cultures [4] of these plants. 

The leaves investigated were collected from trees 
and shrubs of different species. at different titnes 
and at different locations, but no effort was made 
to distinguish between young and old leaves. The 
lipid classes present in these leaves were charactcr- 
istic for photosynthetic tissues. with MDGD. 
DGDG and SQDG being prcscnt in high propor- 
tions. These lipids were minor components in the 
seeds 131. Phospholipids. which arc the major 
polar lipids in seeds, were less abundant in leaf tis- 
sues. The fatty acid composition of all samples 
showed the pattern characteristic of photosynthetic 
tissue of higher plants, with a-linolenic acid contri- 
buting over W,,. in each case. The fatty acid pat- 
terns were clearly distinguished from those of non- 

photosynthetic seed tissue [3] and tissue cul- 

tures [4], with cyclopentenyl fatty acids predom- 
inating in the former and palmitic and linoleic acids 
in the latter. The total lipids in leaves of C. c~~hi~cctcl 

were found to contain 4.4”,, cyclopentenyl fatty 
acids whereas those of H. nllr/tc~lll~irlthi~~~ included 
only minute amounts. It has been reported pre- 
viously that the leaf lipids of Il!,rlrlor.~lrpl,.s \cig/r- 
ti~a do not contain cyclopentcnyl f:ltt\ acids [9]. 

Structural analyses of straight-chain unsatur- 
ated fatty acids did not rcvcal the presence of acids 
which could conceivably be precursors of qclo- 
pentenyl fatty acids. Indi\;idual lipid classes clhi- 
bitcd high proportions of rol!.Llnsatur~1tcd fatty 
acids which belonged exclusivclq to the A-9 series. 
The proportions of pol>,unsaturatcd fatt) acids 
may be even higher than shown in Table 7 bccausc 
some breakdown of these acids occurred during 
two-dimensional TLC of the polar lipids prior to 
analysis. 

The cyclopentenyl fatty, acids were predo- 
minantly esterified in TG; however. small amounts 
were detected also in phosphoiipids and glqcoli- 
pids. Another fraction containing relativcl\ high 
proportions ofqclopcntcnyl fatty acids has found 
to be the FFA fraction. The origin of this very 
small fraction is not clear. but it mat have arisen 
through enzymic breakdown of lipids during ship- 
ping of the plants or storing of the cstracts. In 

seeds of the plants investigated. the bulk of the cyc- 
lopentcnyl f;ltty acids was found cstcrified in TG. 
which constituted up to W”,, of total lipids in the 
mature tissues [3]. In addition. hcrc too cyclic 
fatty acids were found in phospholipids and glqco- 
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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 cyclopropanc and 
cyclopropene fatty acids to be ubiquitous in the 
acyl lipids of several M&a species [lo]. 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 Malvdceae total 
fatty acids in seeds and leaves constitute up to 28% 
cyclopropene fatty acids and cyclopropane fatty 
acids [lo]. 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-6,9,12,15-18:4 fatty acids 
[ 1 1, 121. In contrast to the various cyclic fatty 
acids, the unusual polyunsaturated fatty acids 
found in higher plants occur predominantly in gly- 
colipids [ 1 I- 131. 

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 CHCI,-MeOH (2: I) [I41 and purified 
following established procedures [ 151. The total lipids 
extracted were separated by column chromatography on silicic 
acid into neutral, and ionic and other polar lipids using CHCI, 
and CHCI,-MeOH-H,O (3: 5: 2) [ 161 as eluants, respectively. 
Solvents used for TLC of neutral lipids were hexane-Et,0 
(19: I. twice) [I73 and hexaneeEt,C&HOAc (70:30: I) [17]. for 
ionic and other polar lipids CHCl,-MeOH-HOAc (X0:25: I) 
[14], CHCl,-MeOH--H20 (65:25:4) [l8], CHCI,-MeOH- 
HOAc-H,O (SO: 30: 8: 2) [ 141. and the two-dimensional system 
CHCl,-MeOH- N NH,OH (65:25:4) followed bv CHCI, 
MeO&HOAc-HZ0 (170:25:25:4) [3: 141. Indivi&al lipjd 
classes were identified by comparison with reference samples. 
The molybdate reagent was used for the detection of phospholi- 
pids [l9], the x-naphthol reagent for glycolipids [20], ninhyd- 
rin for lipidscontaining amino groups [2l] and SOY/, H,SO, for 
sterols and sterol containing compounds [4]. 

The individual lipid classes were isolated by preparative TLC 
using hexaneeEt,O (9: I, 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- 

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 (I 5% DEGS on Anakrom D) and a non- 
polar column (3y0 OV-I on Supelcoport) [3]. The structures of 
isomeric straight-chain unsaturated fatty acids were determined 
by ozonolysis and GLC of the fragments as described elsewhere 
[3.23]. 
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